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NOW!  Work  Directly  with 
Government  Labs 


A  New  Directory  to  Expertise, 
Facilities,  and  Services 

The  4th  edition  of  this  valuable  directory  guides  you  to 
hundreds  of  Federal  agencies,  laboratories,  and  engineer- 
ing centers  willing  to  share  their  expertise  and  equip- 
ment— and  sometimes  even  their  facilities — to  aid  in 
your  research.  Detailed  summaries  of  more  than  1,100 
unique  resources  are  arranged  in  32  subject  areas  for 
easy  reference 

Manufacturing 
Materials 
Medicine 
Nuclear 
Ocean  sciences 
Physical  sciences 
Transportation 
Plus  others 
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Aeronautics 
Agriculture  and  food 
Biological  sciences 
Building  technology 
Computers 
Electrotechnology 
Energy 
Engineering 


The  name,  address,  and  phone  number  of  a  personal 
contact  is  listed  for  each  entry,  along  with  the  de- 
scriptive summary. 

Descriptions  of  90  Technical  Information  Centers  are  in- 
cluded 

These  centers  offer  information  services  and  expertise  in  areas  such  as  fuels, 
cold  regions,  concrete,  fisheries,  toxicology,  pesticides,  plastics,  and  much  more 

Four  handy  indexes  make  it  easy  for  you  to 
locate  the  resource  you  need: 

•  A  Subject  Index  lets  you  look  up  your  need 
by  specific  topic. 

•  The  State  Index  arranges  all  the  resources 
within  a  state. 

•  The  Resource  Name  Index  provides  a 
quick  reference  if  you  already  have  a  name 
of  a  specific  Federal  laboratory  or  service. 

•  An  Agency  Index  provides  a  listing  of  all 
the  resources  by  Government  agency. 
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The  Directory  will  be  popular  in  research  or 
business  libraries." 

Reference  Book  Bulletin 
American  Libraries  Association 


Order  your  directory  today. 

Call  the  NTIS  sales  desk  at  (703)  487-4650.  Refer  to  the 
NTIS  order  number,  PB90-1 04480 AAW,  price  $59.95 
plus  $3.00  for  handling. 
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Resources — A  Guide  to  Services,  Facilities,  and  Expertise 


"This  directory  is  unusually  well-indexed.. ..It 
should  be  on  the  shelf  of  every  Chamber  of 
Commerce  end  economic  development  or- 
ganization in  the  nation." 

Mr.  Brian  McLaughlin 

Information  Services  and  Research 

Syracuse,  NY 
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Published  monthly  by  the  National  Technical 
Information  Service  (NTIS),  Tech  Notes  bring 
together  individual  one-  to  two-page  fact  sheets 
prepared  by  Federal  agencies,  their  laboratories, 
or  contractors.  These  fact  sheets  highlight  current 
Federal  technology  determined  to  have  commer- 
cial or  practical  application.  Topics  cover  new 
processes,  materials,  techniques,  software, 
instrumentation,  and  resources. 

Some  of  the  current  sources  are  the  Depart- 
ment of  the  Navy,  Department  of  the  Army, 
NASA,  Department  of  Energy,  Environmental 
Protection  Agency,  Department  of  the  Interior, 
and  the  Department  of  Agriculture. 

Special  assistance  is  provided  by  the  Federal 
Laboratory  Consortium. 


Change  of  address  or  questions  concerning 
subscriptions  should  be  sent  to: 

Subscriptions  Department 

National  Technical  Information  Service 

Springfield,  VA  22161 

(703)  487-4630 

Suggestions,  comments,  or  questions  concerning 
Tech  Notes  should  be  directed  to: 

Tech  Notes  Editor 

Room  300B  F 

National  Technical  Information  Service 

Springfield,  VA  22161 

(703)  487-4805 
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Every  Tech  Notes  fact  sheet  lists  a  source 
for  additional  information.  The  source  of 
this  information  may  be  a  special  support 
package  from  the  originating  agency,  a 
personal  contact,  a  licensing  opportunity, 
or  a  backup  report  available  from  NTIS. 


Each  fact  sheet  also  is  perforated  to  allow 
for  easy  removal  for  those  subscribers  who 
may  wish  to  keep  a  special  fact  sheet  file  or 
route  to  others   in  their  organization 


Sources  of 

Further  Backup 

Information 


Below  are  two  representative  examples  of 
how  each  Tech  Note  fact  sheet  provides 
you  with  a  source  of  further  information.  In 
most  cases,  this  information  is  provided 
directly  by  the  agency  or  its  laboratory. 


However,  there  are  cases  where  NTIS  is 
the  source  for  backup  documentation.  In 
these  cases,  use  the  order  form  at  the 
end. 


Examples: 

significant  distance  from  the  endwalls.  Therefore,  a 
radial  variation  in  efficiency  should  be  used  when 
designing  small  stators. 

Project  Officer  Jeffrey  E.  Haas — 

(216)433-4000. 

FOR    ADDITIONAL    INFORMATION 

You  can  learn  more  about  this  technology  by  ordering 
the  NTIS  report(s): 

Cold-Air  Performance  of  Compressor  Drive 

Turbine 

Order  number:  AD-A101066/NAA 

Price  code:  A02 

Order  from: 

National  Technical  Information  Service 

5285  Port  Royal  Road 

Springfield,  VA  22161 

(703)  487-4650 
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Agency  contact  who  can 
supplement  the  information 
contained  in  the  backup 
report. 


NTIS  Order  Number* 
NTIS  Price  Code* 


*  See  the  order  form  and 
price  code  table  at  the  end 
of  the  issue. 


Suggested  applications  include  other  kinds  of 
refrigerators,  heat  engines,  thermal 
instrumentation,  and  heat  switches. 
This  work  was  done  by  Emanuel  Tward  of  Caltech 
for  NASA's  Jet  Propulsion  Laboratory. 
NPO-15479/TN    — "  "  " 


FOR    ADDITIONAL    INFORMATION 

Contact:  Director,  Technology  Transfer 
Division,  P.O.  Box  8587,  BWI  Airport,  MD 
21240:  (301)  621-0100  Ext.241. 
REFER  TO  THE  NUMBER  LISTED  AT  THE 
END  OF  THE  ARTICLE 
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Agency  reference 
number 

Source  of  more 
information  about  the 
technology  described  in 
the  fact  sheet 
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Agriculture  &  Food 

0444  Higher  Producing  Honey  Bees 

Software 

0445  Fumigant  Residue  Model 

Testing  &  Instrumentation 

0446  Measuring  Food  Components  Aim  of  New  Materials 

Computers 

0447  Sandia  Rapidly  Converting  to  Massively  Parallel 
Computing 

0448  CRAM  Developed 

0449  FIPS  Revisions  of  I/O  Interface  Standards  Approved 

0450  Algorithmically  Specialized  Parallel  Architecture  for 
Robotics — The  system  is  an  MIMD-SIMD  parallel 
architecture  capable  of  exploiting  parallelism  in 
different  forms  and  at  several  computational  levels. 
(Licensing  Opportunity) 

0451  Neural  Networks  of  VLSI  Components — 'Building- 
block'  electronic  circuits  would  be  assembled  into 
analog/digital  parallel-processing  networks. 

0452  Self-Testing  Static  Random-Access  Memory — Errors 
could  be  detected  and  corrected  during  operation. 
(Licensing  Opportunity) 

Other  Items  of  Interest 

0513     Displaying  Computer  Simulations  of  Physical 

Phenomena — Visual,  aural,  tactile,  and  kinesthetic 
effects  can  be  used  to  teach  such  physical  sciences 
as  the  dynamics  of  fluids. 

Electrotechnology 

0453  Simplified  Learning  Scheme  for  Analog  Neural 
Network — Synaptic  connections  are  adjusted  one  at 
a  time  in  small  increments.  (Licensing  Opportunity) 

0454  PC  Board  Simplifies  Data  Process 

0455  Spherical  Antenna 

0456  Dual  Pyroelectric  Vidicon  Camera  Developed 

0457  Photonics  Analysis  Center  of  Technology:  An 
Established  PHACT 

0458  Magnetoresistance  Magnetometer  Developed 

0459  Optical  Backplane  Interconnection — Output  and  input 
devices  would  be  switched  by  changing  wavelengths. 

0460  Optical  Isolators  With  Transverse  Magnets — Large 
apertures  are  obtained  in  compact  isolators  that 
include  readily  available  permanent  magnets. 

0461  Quad-Port  Transceivers  for  a  Dual-CRR  LAN- 
Redundancy  protects  against  failures. 


0462  Semiconductor  Laser  With  Multilayer  Dielectric 
Reflector — The  reflector  would  increase  output  by 
reducing  absorption  in  the  substrate.  (Licensing 
Opportunity) 

0463  Oscillating  Thermal  Switch — The  transferred  heat 
would  actuate  a  device  with  no  moving  parts. 

0464  Statistical  Partial  Calibration  of  Polarimetric  SAR 
Imagery — Statistical  properties  of  the  backscatter 
can  be  used  to  compensate  for  cross-polarization  in 
the  antennas. 

Software 

0465  Software  Corrects  Blurring  of  Synthetic  Aperture 
Radar 

Testing  &  Instrumentation 

0466  Simple  Test  Method  Assesses  Integrated  Circuit 
Reliability 

0467  High-Temperature  Superconductors  Used  in  Infrared 
Detectors 

Other  Items  of  Interest 

0451  Neural  Networks  of  VLSI  Components — 'Building- 
block'  electronic  circuits  would  be  assembled  into 
analog/digital  parallel-processing  networks. 

0470  V-Grooved  GaAs  Solar  Cell — Greater  optical 
coupling  provides  more  conversion  of  light  to 
electricity. 

0483     Calibrated  Bender  Developed 

Energy 

0468  Should  PCB  Transformers  Be  Replaced  or  Retrofilled 

0469  Two-Phase  Bidirectional  Heat  Exchanger — A  unit 
links  two  liquid-and-vapor  loops  such  as  heat  pipes. 

0470  V-Grooved  GaAs  Solar  Cell — Greater  optical 
coupling  provides  more  conversion  of  light  to 
electricity. 

Other  Items  of  Interest 

0471  Novel  Solid-State  Radioluminescent  Light  Sources 
Developed 

Engineering 

0471  Novel  Solid-State  Radioluminescent  Light  Sources 
Developed 

0472  Memory  Aid  Enhances  Person-Wearable  SCSR 
Donning  Proficiency 

0473  New  Pulley  Block  Developed 

0474  Experiments  in  Multivariate  Adaptive  Control  of  a 
Flexible  Structure — A  six-input,  six-output  adaptive 
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Engineering  (Cont.) 

control  system  is  successfully  demonstrated. 

0475  Computer  Simulation  of  a  Small  Turboshaft  Engine — 
A  mathematical  model  represents  performance 
accurately,  in  real  time. 

0476  Faster  Algorithm  for  Computation  of  Incompressible 
Flow — An  artificial-compressibility  method  and  an 
upwind-differencing  scheme  are  combined. 

0477  High-Resolution  Computations  of  Hypersonic 
Flows — The  enhancement  of  stability  and  the  rate  of 
convergence  is  discussed. 

0478  Nonazeotropic  Heat  Pump — Waste  heat  from  the 
motor  is  also  recovered.  (Licensing  Opportunity) 

0479  Quick-Actuating  Closure  and  Handling  System — A 
device  facilitates  entry  into  containers  and  high- 
pressure  vessels.  (Licensing  Opportunity) 

0480  Regenerative  Sorption  Refrigerator — The  combina- 
tion of  two  types  of  sorption  compressor  increases 
efficiency.  (Licensing  Opportunity) 

0481  Semiautomatic  Design  of  Zonal  Computational 
Grids' — Knowledge-based  software  helps  reduce  the 
complexity  of  fluid-dynamical  computations. 

Software 

0482  A  Software  Development  Specification  for  Nonlinear 
Structural  Analysis 

Testing  &  Instrumentation 

0483  Calibrated  Bender  Developed 

0484  Noncontact  Measurements  of  Torques  in  Shafts — 
Additional  information  would  be  extracted  from  an 
eddy-current  proximeter.  (Licensing  Opportunity) 

Other  Items  of  Interest 

0468     Should  PCB  Transformers  Be  Replaced  or  Retrofilled 

0494     Hot  Oil  Removes  Wax — A  noncarcinogenic  solvent 
replaces  a  carcinogenic  one.  (Licensing  Opportunity) 

0506     Open-Section  Composite  Structural  Elements — 

Superior  mechanical  properties  of  composites  may 
overcome  the  inherent  instabilities  of  open  sections. 

0508     Patent  Issued  for  'Standard  Crack'  (Licensing 
Opportunity) 

0510     Crew  System  Ergonomics  Information  Analysis 
Center 

Environmental  Science  &  Technology 

0485  Fuel  Additives  for  Reducing  Diesel  Soot  Emissions 

0486  Removing  Spilled  Oil  With  Liquid  Nitrogen— Pollut- 
ants would  be  frozen  quickly  and  hauled  away. 

Testing  &  Instrumentation 

0487  Development  of  Real-Time  Monitors  for  Gaseous 
Formaldehyde 


Manufacturing,  Machinery  &  Tools 

0488  Value  Engineering  Provides  A  'Win-Win'  Situation  for 
Government  and  Industry 

0489  Pressurized  Seal 

0490  Directory  of  Manufacturing  Research  Centers 

0491  MSI  Project  Integrates  Manufacturing  Functions 

0492  Recommended  Guidelines  For  Solderability 

0493  Farley  Three-Dimensional-Braiding  Machine — Fiber- 
reinforced  preforms  of  complicated  shapes  can  be 
made. 

0494  Hot  Oil  Removes  Wax — A  noncarcinogenic  solvent 
replaces  a  carcinogenic  one.  (Licensing  Opportunity) 

0495  Low-Wear  Ball-Bearing  Separator — A  proposed 
component  would  be  compatible  with  liquid  oxygen 
or  hydrogen. 

0496  Lubrication  of  Nonconformal  Contacts — Regimes  of 
minimum-film-thickness  lubrication  are  analyzed. 

Software 

0497  Software  Aids  Numerically  Controlled  Milling  Pro- 
gramming 

Testing  &  Instrumentation 

0498  Non-Contact  Sensor  Detects  Machined  Parts'  Rough 
Edges 

0499  O-Ring-Testing  Fixture — Rings  can  be  evaluated 
under  conditions  of  storage  and  use. 

Other  Items  of  Interest 

0450     Algorithmically  Specialized  Parallel  Architecture  for 
Robotics — The  system  is  an  MIMD-SIMD  parallel 
architecture  capable  of  exploiting  parallelism  in 
different  forms  and  at  several  computational  levels. 
(Licensing  Opportunity) 

0500  Barriers  Identified  for  Use  of  Polymer  Composites 

Materials 


0500 
0501 
0502 
0503 

0504 

0505 

0506 


Barriers  Identified  for  Use  of  Polymer  Composites 

Ferrite  Prediction  Diagram  Adopted  as  Part  of  Code 

Metallography  for  Materials  Characterizations 

Low-Thermal-Conduction  Links  for  Silicon  Sensors — 
Surface  etching  reduces  conduction  and  allows 
sturdier  links. 

Modified  Furnace  Makes  More  Silicon  Ribbon — A 
simple  change  in  the  lid  and  heat  shields  makes 
faster  growth  rates  possible.  (Licensing  Opportunity) 

Molecular-Beam  Epitaxy  of  lrSi(3) — In  experiments, 
lrSi(3)  was  formed  at  the  lowest  reported  tempera- 
tures. 

Open-Section  Composite  Structural  Elements — 
Superior  mechanical  properties  of  composites  may 
overcome  the  inherent  instabilities  of  open  sections. 
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Testing  &  Instrumentation 

0507     New  Method  Predicts  Product  Fire  Risk 

Patent  Issued  for  'Standard  Crack'  (Licensing 
Opportunity) 

Testing  Conductive  Films  for  Continuity — A 
noncontacting,  nondestructive  apparatus  detects 
discontinuities. 


0508 


0509 


Medicine  &  Biology 

0510     Crew  System  Ergonomics  Information  Analysis 
Center 

Repository  of  Cryopreserved  Mouse  Embryos 

Transgenic  Mouse  Facility 

Displaying  Computer  Simulations  of  Physical 
Phenomena — Visual,  aural,  tactile,  and  kinesthetic 
effects  can  be  used  to  teach  such  physical  sciences 
as  the  dynamics  of  fluids. 

Effect  of  Bed  Rest  on  Tolerance  to  Acceleration — 
Paradoxically,  physically  fit  people  lose  tolerance  to 
acceleration  after  bed  rest  more  than  sedentary 
people  do. 

Testing  &  Instrumentation 

0515     Laser-Induced  Fluorescence  to  Diagnose  Atheroscle- 


0511 
0512 
0513 


0514 


rosis 


0516 


Two-Wavelength  Interferometric  Keratometer — 
Strongly  aspherical  surfaces  could  be  measured 
precisely. 


Other  Items  of  Interest 

0487     Development  of  Real-Time  Monitors  for  Gaseous 
Formaldehyde 

Transportation  &  Components 

0524  Planning  the  Route  of  a  Robotic  Land  Vehicle — The 
distance  traveled  is  minimized  to  the  extent  possible 
consistent  with  avoidance  of  obstacles. 

Software 

0525  Computing  the  Dynamics  of  Helicopters — CAMRAD 
calculates  the  loads  on,  and  the  motions  of,  various 
rotorcraft. 


Natural  Resources  Technology  & 
Engineering 

0517  Airborne  Laser  Polarization  Sensor — This  instrument 
measures  polarization  characteristics  of  the  Earth  at 
three  wavelengths. 


Physical  Sciences 

051 8  New  'Library'  for  Alternative  Refrigerant  Analysis 

0519  Producing  Hydrogen  Slush 

0520  Users'  Guide  to  Diode  Lasers 

0521  Optical  Computation  of  Matrices  From  Vectors — 
Four-wave  mixing  yields  a  two-dimensional  pattern  of 
light  and  dark. 

0522  Phase  Transformations  in  Mullite-Precursor 
Xerogels — Monophasic  and  diphasic  xerogels 
transform  differently  under  thermal  treatment. 

0523  Leading-Edge  'Pop-Up'  Spoiler  for  Airfoil — This 
device  can  be  retrofitted  to  an  existing  airfoil  without 
major  rework.  (Licensing  Opportunity) 


Agriculture  &  Food 


0444  Higher  Producing  Honey  Bees 

Software 

0445  Fumigant  Residue  Model 

Testing  &  Instrumentation 

0446  Measuring  Food  Components  Aim  of  New  Materials 


Research  Technology 

Agricultural  Research  Service 

U.S.  Department  of  Agriculture 


Higher  Producing  Honey  Bees 


A  weighing  scale,  a  method  for  sus- 
pending a  beehive  on  it,  and  some 
persistence.  Those  are  the  only  invest- 
ments needed  to  breed  better  honey 
producers,  thanks  to  a  new  technique 
that  beekeepers  will  find  easier  and 
cheaper  than  most  breeding  programs. 

The  new  program  centers  on  hive 
weight  gain.  How  much  weight  a 
honey  bee  hive  gains  over  the  honey 
season  indicates  how  much  honey  the 
bees  are  making. 

New  studies  show  that  beekeepers 
can  breed  high-weight-gain  strains  of 
bees — and  therefore  good  honey 
producers — simply  by  selecting  the 
queen.  Usually,  breeders  select  which 
males  sire  new  generations  by  artifi- 
cially inseminating  queens  or  by 
bringing  males  and  females  to  isolated 
"mating  stations."  These  techniques 
are  difficult,  and  time-consuming. 

"I  wanted  to  know  if  you  could  alter 
the  honey-producing  trait  by  selecting 
only  the  queen,"  says  ARS  entomolo- 
gist Nicholas  W.  Calderone. 

After  a  3-year  study  begun  at  Ohio 
State  University  and  finished  at  the 
ARS  Bee  Research  lab  at  Beltsville, 
Maryland,  Calderone  got  his  answer:  a 
definite  "yes." 

Calderone  weighed  hives  at  the  start 
of  the  honey  production  season  and 
then  again  later,  choosing  the  ones  that 
gained  the  most  weight  and  those  that 
gained  the  least. 

From  these,  he  reared  queens  that 
mated  at  random  with  males  and  pro- 
duced new  brood. 

Calderone  did  this  for  3  seasons.  At 
the  study's  end,  colonies  from  the  high- 
weight-gain  strain  gained  an  average  of 
three  times  more  weight  than  colonies 
from  the  low-weight-gain  strain.  That 
showed  that  the  trait  is  definitely 


something  a  beekeeper  can  improve  by 
working  with  just  the  queens. 

"Of  course,  if  producers  select  both 
males  and  females,  they  will  make 
faster  progress,"  Calderone  says.  "But 
I  wanted  to  see  if  we  could  get  any- 
where when  we  control  just  the  queen." 

Another  important  finding  from  the 
study:  This  tendency  to  make  a  hive 
heavy  with  honey  can  be  bred  into  a 
population  in  half  the  time  required  in 
most  breeding  programs. 

That's  because  early-season  weight 
gain  correlates  very  well  to  total 
weight  gain,  Calderone  says.  In  his 
tests,  hives  that  gained  well  after  just  1 
month  gained  well  after  the 
whole  season. 

So  a  beekeeper  can,  with  confi- 
dence, make  selections  early  on  and 
rear  queens  from  good  hives. 

Usually,  beekeepers  wait  until  fall 
to  evaluate  colonies,  so  selected  queens 
will  not  be  reared  and  reproducing  until 
the  next  year.  That  would  double  the 
amount  of  time  needed  for  breeding. 

"Beekeepers  may  find  this  technique 
worth  doing  because  they  need  not 
control  the  paternal  contribution  and 
because  they  can  select  and  rear 
offspring  in  the  same  season,"  he  says. 

He  points  out  that  selected  strains 
may  not  produce  hoards  of  additional 
honey.  But  an  increase  in  each 
colony's  productivity  of  just  10  pounds 
of  honey  — about  $5  worth — adds  up 
for  commercial  beekeepers  who  may 
have  from  1 ,000  to  40.000  colonies, 
Calderone  notes    "It  could  mean  the 
difference  between  staying  in  business 
and  not  staying  in  business." 

It  also  lets  the  commercial  bee- 
keeper produce  more  honey  with  a 
lower  capital  investment  in  equip- 
ment. 


FOR  ADDITIONAL  INFORMATION:  Nicholas  W.  Calderone  is  in  USDA-ARS  Bee  Research  Laboratory,  Bldg. 
476,  BARC-East,  Beltsville,  MD  20705;  (301)344-3974. 
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Research  Technology 

Agricultural  Research  Service 

U.S.  Department  of  Agriculture 


Computer 
Software 


Fumigant  Residue  Model 


Another  new  computer-based  model  provides  fast 
estimates  of  fumigant  residues  in  cherries,  apples  and 
other  fruits  and  nuts  being  prepared  for  export.  It  saves 
days  of  waiting  for  lab  measurements  of  methyl  bromide 
residues  in  produce  samples.  And  regulatory  officials  could 
use  the  model's  data  to  ensure  that  methyl  bromide  residues 
stay  within  limits,  set  by  importing  countries.  Methyl 
bromide,  an  odorless  gas,  kills  eggs  and  larvae  of  the 
codling  moth  and  other  pest  stowaways  in  produce  at  the 
packing  plant.  Currently,  workers  remove  fruits  or  nuts 
from  fumigation  chambers  when  methyl  bromide  concentra- 


tions in  the  air  fall  to  20  parts  per  million.  Excess  residues 
in  the  fruit  may  be  trapped  when  the  produce  is  wrapped. 
These  residues  can  seep  out  later.  But  now  the  model  can 
estimate  how  much  methyl  bromide  remains  in  the  produce. 
It  measures  the  amount  of  fumigant  in  exhaust  air  blown 
from  the  chambers  and  takes  into  account  the  type,  number 
and  size  of  fruit  or  nuts.  Actual  residue  measurements  in 
cherries,  apples  and  walnuts  validated  the  model's 
accuracy.   (PATENT) 

Fruit  and  Vegetable  Insect  Research,  Yakima,  WA 

Charles  R.  Sell,  (509)  575-5967 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 

Measuring  Food  Components  Aim  of  New  Materials 


Scientists  studying  health  and  disease  aspects  of  food  consumption  depend  on  accurate  measurements  of  nutrients 
and  contaminants  in  food  samples.  But  to  ensure  the  reliability  of  instruments  and  analytical  methods,  they  need 
standards  -  ideally  standards  containing  a  variety  of  foods  representative  of  an  average  American  diet.  A  standard 
reference  material  (SRM)  now  available  from  NIST  offers  a  typical  diet  combined  into  a  bottled  freeze-dried 
powder.  Foods  such  as  eggs,  pizza,  hamburgers,  and  beer  are  all  included.  The  material  contains  certified 
concentrations  of  14  chemical  elements  as  well  as  ash,  fat,  dietary  fiber,  cholesterol,  and  caloric  content.  Chemists 
can  analyze  these  materials  as  they  would  any  food  sample  and  compare  their  analysis  to  the  numbers  provided. 
The  U.S.  Department  of  Agriculture  prepared  the  SRMs  for  NIST  from  foods  obtained  through  the  Total  Diet 
Study,  an  ongoing  Food  and  Drug  Administration  program  that  monitors  foods  from  various  U.S.  regions  for 
pesticides,  toxins,  and  nutrients. 


FOR  ADDITIONAL  INFORMATION:  Total  Diet  (SRM  1548)  costs  $251  for  two  6.5-gram  bottles  and  is 
available  from  the  Standard  Reference  Materials  Program,  Rm.  204  Building  202,  NIST,  Gaithersburg,  Md.  20899; 
301/975-6776. 
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Department  of  Energy 


Technology  Application 


Sandia  National  Laboratory 


Sandia  Rapidly  Converting  to  Massively  Parallel 
Computing 


Sandia  National  Laboratories,  which  has  the  largest 
massively  parallel  computing  operation  in  the  United 
States,  is  rapidly  converting  from  serial  to  parallel  the 
computer  codes  it  uses  to  solve  a  wide  range  of  complex 
scientific  and  engineering  problems. 

Sandia's  action  not  only  reflects  the  growing  na- 
tional commitment  to  massively  parallel  processing- — a 
trend  that  Sandia  helped  pioneer — but  shows  that  the 
shift  is  farther  along  than  many  had  assumed. 

Some  20  key  codes  that  account  for  95  percent  of  the 
computing  time  now  taken  up  on  Sandia's  supercom- 
puters have  been — or  are  being — converted  for  use  on 
massively  parallel  computers.  This  is  allowing  Sandia  to 
run  larger  problems  not  practical  on  the  present  gener- 
ation of  machines. 

"The  codes  being  converted  are  naturally  those  that 
show  the  greatest  advantage  for  use  on  massively  paral- 
lel computers  versus  current  vector  supercomputers," 
says  Edwin  H.  Barsis,  Director  of  Computer  Sciences 
and  Mathematics  at  Sandia.  "In  general  these  codes  are 
for  our  biggest  and  most  difficult  kinds  of  scientific 
problems,  those  that  require  significant  amounts  of 
computing  time  and  capacity  on  a  typical  vector  com- 
puter but  take  far  less  on  massively  parallel  computers." 

These  applications  range  from  simulations  of  the 
arrangements  of  atoms  on  a  surface  to  complicated 
three-dimensional  problems  in  fluid  dynamics,  molecu- 
lar dynamics,  global  ocean-atmosphere  modeling,  and 
the  design  of  everything  from  meteoroid-resistant  space 
structures  to  new  semiconductor  materials  and  catalysts. 

The  problems  being  attacked  with  massively  parallel 
supercomputers  at  Sandia  use  new  parallel  program- 
ming methods  that  have  been  developed  in-house.  They 
incorporate  new  techniques  for  breaking  complex  prob- 
lems down  into  parts  that  can  be  solved  simultaneously 
(i.e.  in  parallel),  extremely  rapidly. 


Up  to  hundred  times  faster 

On  virtually  all  these  problems,  the  Sandia  scientists 
say,  massively  parallel  computing  is  solving  them 
faster— in  some  cases  up  to  a  hundred  times  faster — than 
when  they  are  run  on  conventional  vector  supercom- 
puters. 

These  vast  improvements  mean  that  problems  too 
large  and  complex  to  be  run  on  conventional  supercom- 


One  frame  of  a  simulation  of  electron  beam  propagation  pro- 
duced by  a  massively  parallel  code  run  on  Sandia's  NCUBE 
6400  hypercube.  Dark  particles  represent  relativistic  electrons 
propagating  through  a  cloud  of  positive  channel  ions  (gray). 


puters  can  now  be  solved,  and  that  complex  events  and 
processes  in  nature  can  be  simulated  much  more  accu- 
rately and  realistically. 

Massive  parallelism  involves  the  uses  of  a  thousand 
or  more  computer  processors  working  in  parallel  to  solve 
large  and  complex  problems  very  rapidly.  It  requires 
new  forms  of  mathematics,  algorithms,  software,  soft- 
ware tools,  and  new  parallel  computer  architectures. 

Many  laboratories  throughout  the  country  are  now 
exploring  massive  parallelism  as  the  likely 
supercomputing  wave  of  the  future.  Scientists  and  engi- 
neers in  Sandia's  50-person  staff  working  on  massively 
parallel  computing  say  they  are  already  doing  problems 
that  many  observers  still  assume  are  just  possibilities. 

Three  years  ago  Sandia  made  massive  parallelism 
work  on  real  problems  and  showed  for  the  first  time  that 
improvements  could  be  made  in  problem-solving  speeds 
almost  in  direct  proportion  to  the  numbers  of  processors 
working  in  parallel.  This  brought  new  national  attention 
to  the  field. 
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Since  then  the  conversion  to  massively  parallel  com- 
puting at  Sandia  has  gone  far  beyond  the  bounds  of 
computer  science  research  and  has  begun  to  have  prac- 
tical consequences  in  the  solution  of  important  scientific 
and  engineering  problems. 

Dozens  of  problems  are  being  tackled  with  the 
powerful  new  computing  techniques.  Several  were  con- 
sidered impossible  only  two  years  ago. 

Progress  has  been  swift.  "Over  the  last  three  years 
the  focus  of  the  research  program  has  shifted  so  that 
demonstrating  the  potential  is  no  longer  an  issue,"  says 
William  J.  (Bill)  Camp,  manager  of  Sandia's  Mathemat- 
ics and  Computational  Science  Department.  "We're  rou- 
tinely converting  complex  computer  codes  that  are  writ- 
ten for  vector  processors,  so  that  we  can  run  them  with 
massively  parallel  processing.  These  are  real-life  engi- 
neering and  scientific  problems,  and  we're  solving  them 
anywhere  between  10  and  100  times  faster  than  we  were 
with  conventional  supercomputers." 

The  national  computer  science  community,  long 
reticent  about  the  general  applicability  of  massively 
parallel  computing,  has  recently  begun  to  realize  that 
these  new  parallel  computing  methods  are  probably  the 
best  future  course  for  the  next  generation  of 
supercomputing.  Recent  reports  in  fact  indicate  that  a 
consensus  to  that  effect  has  now  taken  place. 

Much  wider  application  than  realized 

At  Sandia,  Barsis  and  Camp  emphasize  that  mas- 
sively parallel  computing  is  being  applied  not  just  to 
exotic  challenges  but  to  a  broad  array  of  typical  engi- 
neering and  science  problems  that  are  the  daily  "bread 
and  butter"  work  of  technical  staff  throughout  the 
laboratories.  Here  also,  the  reason  is  that  running  larger 
problems  allows  greater  simulation  accuracy  and  lower 
cost. 

In  other  words,  in  just  a  few  years  massively  parallel 
computing  has  already  progressed  from  being  somewhat 
of  a  scientific  novelty  almost  to  routine  and  widespread 
application.  They  feel  that  this  shows  a  general  applica- 
bility of  massively  parallel  computing  that  has  not  yet 
been  widely  appreciated  in  the  computer  community. 

Sandia  uses  scientific  supercomputing  to  research 
problems  in  such  areas  as  chemical  reactions  and  molec- 
ular dynamics,  surface  structure  and  defects,  structural 
mechanics,  fluid  dynamics,  hydrodynamics,  particle 
beam  physics,  heat  transfer,  quantum  chemistry,  shock 
waves,  and  national  security  and  intelligence. 

In  all  these  areas,  Sandia  is  converting  its  computer 
codes  to  massively  parallel  versions.  "We  will  continue  to 


convert  additional  codes,"  says  Barsis,  "but  the  most 
important  ones  for  conversion  have  been  identified." 

Sandia  first  captured  national  attention  for  its  work  ( 
in  massively  parallel  processing  in  March  1988,  when  it 
won  two  supercomputing  prizes — the  Karp  Award  for 
demonstrating  unprecedented  speedups  using  proces- 
sors working  together  compared  to  processors  running 
separately,  and  the  Gordon  Bell  Prize  for  achieving  a 
thousandfold  speedup  on  three  engineering  problems 
analyzed  with  1,024  processors  working  in  parallel.  It  has 
since  won  other  awards  for  these  and  other  contributions. 

These  milestones  were  achieved  using  a  massively 
parallel  "hypercube"  supercomputer  consisting  of  1,024 
microprocessors  programmed  to  work  separate  parts  of  a 
problem  simultaneously  (NCUBE 10).  Since  then  Sandia 
has  acquired  a  second  1,024-node  hypercube  (NCUBE 
6400,  with  greater  memory  store  on  each  node  than  the 
previous  machine),  and  a  16,384-processor  Connection 
Machine. 

Both  MIMD  and  SIMD  machines 

Sandia  is  one  of  the  few  sites  in  the  country  with 
large,  state-of-the-art  parallel  computers  of  both  the 
so-called  "MIMD"  (multiple-instruction/multiple-data) 
and  "SIMD"  (single-instruction/multiple-data)  type. 
The  two  kinds  of  machines  translate  into  a  different 
style  of  program  development,  and  each  has  its  advan- 
tages and  disadvantages  when  applied  to  various  prob- 
lems. Having  both  machines  in  one  location  allows  trying 
different  approaches  to  a  significant  problem  and  choos-  ( 
ing  the  machine  best  matched  to  a  particular  problem. 

Private-sector  computer  companies  are  taking  an 
increased  interest  in  Sandia's  growing  expertise  in  mas- 
sively parallel  processing,  Barsis  says.  NCUBE  Corpo- 
ration and  Cray  Research  have  assigned  their  own 
representatives  to  work  with  the  Albuquerque  group; 
Thinking  Machines  Company  has  had  two  computer 
scientists  on  site  for  some  time.  "These  are  not  service 
engineers,"  Barsis  stresses.  "These  people  are  working 
with  us  on  applications." 


FOR  ADDITIONAL  INFORMATION 
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CRAM  Developed 


The  Crosstie  Random  Access 
Memory  (CRAM)  developed  by  the 
Naval  Surface  Warfare  Center 
(NAVSWC),  Silver  Spring, 
Maryland,  has  the  potential  to 
replace  core  memories  with  the 
added  feature  of  nondestructive 
readout.  It  will  cost  less,  have 
much  less  weight,  and  need  less 
volume.  Decoders  and  drivers 
must  be  on  the  same  chip.  Since 
only  one  lead  is  required  for  the 
amplifier,  it  does  not  have  to  be  on 
the  chip.  Larger  arrays  are 
possible  with  increased  access 
time.  An  access  time  of  less  than 
200  nanoseconds  can  be  obtained  if 
the  parasitic  capacity  is  balanced 


out. 

The  CRAM  could  be  written 
with  coincident  current  pulses  as 
short  as  20  nanoseconds. 
Nondestructive  reading  was 
accomplished  in  800  nanoseconds, 
and  this  can  be  improved 
considerably  with  better  design. 


For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

Code  E211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  151103/TN 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 

FIPS  Revisions  of  I/O  Interface  Standards  Approved 

The  Secretary  of  Commerce  has  approved  revisions  to  the  Federal  Information  Processing  Standards  (FTPS)  family 
of  input/output  (I/O)  interface  standards  to  make  them  non-mandatory.  He  also  has  approved  discontinuation  of  the 
exclusion  and  verification  lists  for  these  standards.  Included  in  the  revisions  are  I/O  Channel  Interface  (60-2), 
Channel  Level  Power  Control  Interface  (61-1),  Operational  Specifications  for  Magnetic  Tape  Subsystems  (62), 
Operational  Specifications  for  Variable  Block  Rotating  Mass  Storage  Subsystems  (63-1),  Operational 
Specifications  for  Fixed  Block  Rotating  Mass  Storage  Subsystems  (97),  Storage  Module  Interfaces  (111), 
Intelligent  Peripheral  Interface  (IPI)  (130),  and  Small  Computer  System  Interface  (SCSI)  (131). 

FOR  ADDITIONAL  INFORMATION:  Technical  information  is  available  from  Shirley  Radack,  301/975-2833. 
Interested  parties  may  obtain  copies  of  the  FTPS  publications  from  the  National  Technical  Information  Service, 
U.S.  Department  of  Commerce,  Springfield,  Va.  22161;  (703)487-4650. 
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Algorithmically  Specialized  Parallel  Architecture  for  Robotics 

The  system  is  an  MIMD-SIMD  parallel  architecture  capable  of  exploiting 
parallelism  in  different  forms  and  at  several  computational  levels. 

A  computing  system  called  the  Robot 
Mathematics  Processor  (RMP)  contains  a 
large  number  of  processor  elements  (PE's) 
connected  in  various  parallel  and  serial 
combinations  that  are  reconfigurable  via 
software  The  RMP  is  a  special-purpose  ar- 
chitecture designed  for  soMng  diverse  com- 
putational problems  in  robot  control,  sim- 
ulation, trajectory  generation,  workspace 
analysis,  and  the  like.  It  is  an  algorithmi- 
cally specialized  parallel  architecture  cap- 
able of  exploiting  the  common  properties 
of  the  parallel  algorithms  developed  for  this 
class  of  problems.  It  can  exploit  parallelism 
in  different  forms  and  at  several  computa- 
tional levels  in  these  computation-intensive 
applications. 

From  the  perspective  of  interaction  with 
other  computing  equipment,  the  system 
can  be  regarded  as  a  processor  that  can 
be  attached  to  the  bus  of  the  external  host 
as  a  part  of  bus  memory.  The  system  in- 
teracts with  the  external  host  processor(s) 
controlled  by  the  user(s).  The  external  host 
processor  can  be  any  stand-alone  com- 
puter or  a  bus-oriented  multiprocessor  sys- 
tem. The  data  and  instructions  from  the 
external  host  to  the  RMP  and  the  results 
from  the  RMP  to  the  external  host  are 
communicated  through  a  dual-access 
shared  memory  that  is  part  of  the  bus 
memory.  The  RMP  is  activated  by  a  pro- 
cedure call  from  the  external  host,  which 
is  executed  via  a  "write"  operation  in  a 
designated  address  and  is  interpreted  as 
an  "interrupt"  by  the  RMP  This  memory 
mapping  scheme  provides  maximum  flex- 
ibility and  speed  inasmuch  as  the  data- 
transfer  rate  is  limited  by  the  read/write 
cycle  of  the  external  host.  A  bus  adapter 
provides  the  required  interface  for  different 
buses. 

The  system  (see  figure)  contains  a  gen- 
eral-purpose processor,  which  is  called  the 
internal  host,  and  n  single-instruction 
multiple-data  (SIMD)  parallel  processors, 
which  are  called  "cells."  The  host  pro- 
cessor is  the  control  unit  of  the  system: 
it  handles  the  interface  with  the  external 
host,  controls  the  activities  of  the  cells,  and 
performs  the  required  input/output  opera- 
tions. It  also  handles  the  serial  and  data- 
dependent  computation.  The  ensemble  of 
cells  performs  parallel  computation.  By 


The  ARASHURCH  is  a  flexible  parallel  processing  system  that  is  reconfigurable  via 
software.  It  is  designed  to  exploit  parallelism  to  a  high  degree  to  speed  computations 
in  robotic  and  image-processing  applications. 


using  two  synchronization  mechanisms, 
the  ensemble  can  perform  parallel  com- 
putation in  different  combinations  of  mul- 
tiple-instruction multiple-data  (MIMD)  and 
SIMD  modes.  The  first  mechanism  is  a 
global  clock-based  one  similar  to  systolic 
arrays.  The  cells  are  driven  by  a  common 
clock  that  allows  the  ensemble  to  perform 
parallel  computation  in  a  two-level  SIMD/ 
SIMD  mode.  The  second  mechanism  is  a 
local  data-driven  one  similar  to  wave  front 
arrays  that  allows  each  cell  to  operate 
asynchronously  and  the  ensemble  to  per- 
form parallel  computation  in  a  two-level 
MIMD/SIMD  mode. 

The  major  advantage  of  the  system  lies 
in  the  design  of  the  cells,  which  provides 
flexibility  and  reconfigurability  superior  to 
those  of  previous  SIMD  processors.  Each 
cell  contains  six  processor  elements  (PE's), 
which  are  simple  floating-point  processors 
capable  of  performing  such  primitive  op- 
erations as  multiplication,  addition,  and  the 
like.  Each  PE  has  a  three-bus  architecture 
with  an  internal  data  path  that  enables 
such  accumulative  operations  as  sum-of- 
product  and  Newton-Raphson  iterations 
for  performing  division.  Two  table  lookup 


units  (TLU's)  provide  the  seed  values  for 
initiating  the  division  operations  by  New- 
ton-Raphson method.  They  are  also  used 
for  trigonometric-functions  evaluation. 

Basically,  the  PE's  are  organized  in  two 
groups,  each  containing  three  PE's.  In 
solving  problems  for  robot  control  and 
simulation,  the  two  groups  can  perform 
two  basic  (matrix-vector)  operations  in 
parallel,  while  each  group  can  exploit 
parallelism  in  the  operation.  Also,  each 
group  can  be  considered  as  an  indepen- 
dent SIMD  subsystem  or  a  pipeline  stage, 
making  it  possible  to  decompose  the 
whole  system  into  two  independent  MIMD- 
SIMD  parallel  architectures  or  two  n-stage 
pipes.  The  cell  control  mechanism  is  de- 
signed to  provide  such  flexibility  and  re- 
configurability  while  also  minimizing  the 
instruction  length  and  complexity.  Each 
cell  has  three  control  units:  one  master 
control  unit  (or  microcontroller)  and  two 
slave  control  units  (or  nanocontrollers).  The 
master  control  unit  controls  the  overall  ac- 
tivities of  the  cell  and  provides  the  instruc- 
tions to  be  executed  by  all  the  PE's.  Each 
slave  control  unit  performs  the  read/ 
write  operations  for  one  group  of  PE's.  The 
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slave  control  units  are  run  by  a  clock  twice 
faster  than  that  of  the  master  control  unit. 
This  allows  a  complete  overlapping  of  the 
read/write  and  arithmetic  operations.  In  ad- 
dition, data  can  be  fed  to  the  PE's  with 
adequate  speed  while  also  reducing  the 
memory  architecture  complexity. 

The  direct  path  among  the  PE's  of  each 
group  enables  a  linear  interconnection 
among  them.  A  multiplexer  is  used  to  pro- 
vide other  topologies  among  the  PE's  of 
each  cell.  Under  the  control  of  the  master 
control  unit,  the  multiplexer  can  establish 
a  ring  topology  for  each  group,  or  a  ring 


topology  among  all  PE's  of  the  cell,  or  a 
linear  topology  among  all  PE's  of  the  cell. 
The  latter  case  is  used  to  transform  the 
whole  system  into  a  uniform  "pipe." 

This  work  was  done  by  Amir  Fijany  and 
Antal  K.  Bejczy  of  Caltech  for  NASA's  Jet 
Propulsion  Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed.  In- 
quiries concerning  nonexclusive  or  ex- 
clusive license  for  its  commercial  develop- 
ment should  be  addressed  to  the  Patent 
Counsel,  NASA  Resident  Office  —  JPL 
Refer  to  NPO-17632/TN 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 


Technology  Utilization 
Mgr.  for  JPL:  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
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Neural  Networks  of  VLSI  Components 

"Building-block"  electronic  circuits  would  be  assembled 
into  analog/digital  parallel-processing  networks. 


A  concept  for  the  design  of  an  electron- 
ic neural  network  calls  for  the  assembly 
of  very-large-scale  integrated  (VLSI)  circuits 
of  a  few  standard  types.  Each  VLSI  chip, 
which  would  contain  both  analog  and  digi- 
tal circuitry,  would  be  used  in  modular  or 
"building-block"  fashion  by  interconnect- 
ing it  in  any  of  a  variety  of  ways  with  other 
chips.  Depending  on  the  specific  modular 
components  and  connection  pattern  se- 
lected to  represent  the  input,  output,  and 
hidden  (intermediate  between  input  and 
output)  layers  of  neurons,  the  assembly 
could  be  made  to  perform  a  specified  feed- 
forward and/or  feedback  neural-network 
function  in  which  the  neurons  in  each  layer 
would  process  data  signals  concurrently 
(in  parallel). 

Figure  1  illustrates  a  generic  feedforward 
neural  network  operating  under  the  con- 
trol of  a  host  digital  computer.  A  small- 
computer-system-interface  (SCSI)  bus 
would  be  used  to  transfer  all  network 
weight  (that  is,  synaptic-connection- 
strength),  input,  and  output  values  bet- 
ween the  host  computer  and  the  neural 
network.  In  addition,  inputs  to  and  outputs 
from  the  network  could  be  switched  direct- 
ly to  signal  lines  associated  with  an  appli- 
cation. 

Digital  weight  and  input  values  from  the 
host  computer  would  be  converted  to  ana- 
log signals  that  would  be  stored  in  capaci- 
tors on  the  VLSI  circuit  chips.  Because  an 
analog-to-digital  converter  typically  requires 
much  space  on  a  VLSI  chip,  space  would 
be  saved  by  the  use  of  only  one  off-chip, 
a  highly  precise  analog-to-digital  converter 
multiplexed  in  time  to  serially  refresh  all 
the  capacitor  charges  on  one  chip.  A  dis- 
advantage of  this  approach  —  that  the 
analog  weight  signals  would  be  quantized 
by  the  lengths  of  the  digital  words  and  the 
precision  of  the  analog-to-digital  convert- 
er —  would  be  more  than  compensated 
by  the  ease  with  which  the  weights  could 
be  manipulated  by  the  host  computer. 

A  neural  network  for  a  typical  applica- 
tion might  contain  as  many  as  1,000  neu- 
rons in  the  input  layer  and  smaller  num- 
bers of  neurons  in  the  hidden  and  output 
layers.  Such  a  network  might  be  used  to 
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Figure  1.  A  Feedforward  Neural  Network  in  a  typical  situation  would  operate  under  the 
control  of  a  host  computer  and  would  receive  inputs  from,  and  send  outputs  to,  other 
equipment. 


process  images,  for  example.  The  network 
illustrated  in  Figure  2  would  contain  cus- 
tom-designed complementary  metal  oxide/ 
semiconductor  mixed  analog/digital  cir- 
cuits of  three  types.  Input  signals  would 
be  fed  to  the  network  via  multiplexing  in- 
put neuron  chips  that  would  store  and  buf- 
fer the  input  voltages.  Hidden-  and  output- 
layer  neurons  would  be  implemented  by 
variable-gain  neuron  chips  that  would  ap- 
ply variable-slope  sigmoidal  activation 
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functions  to  the  sums  of  signals  coming 
from  the  previous  synaptic  layer.  Each  con- 
nection (synapse)  chip  would  have  32 
summed  outputs  that  would  be  fully  con- 
nected to  32  inputs,  for  a  total  of  1,024  on- 
chip  synapse  cells.  Inputs  and  outputs 
could  be  directly  connected  to  other  syn- 
apse chips  to  obtain  larger  synaptic  lay- 
ers. Downloading  interface  circuits  would 
store  weights  and  input  values  in  digital 
form  and  would  periodically  update  the 
charges  on  the  appropriate  storage  ca- 
pacitors. 

This   work   was   done   by   Silvio   P. 
Eberhardt  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory. 
NP0-17833/TN 
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Self-Testing  Static  Random-Access  Memory 

Errors  could  be  detected  and  corrected  during  operation. 


A  proposed  static  random-access  mem- 
ory for  a  computer  would  feature  improved 
error-detecting  and  -correcting  capabilities. 
Unlike  schemes  that  involve  the  use  of 
Hamming  codes  to  detect  and  correct  er- 
rors after  data  have  been  read  out  of  a 
memory,  the  new  self-testing  scheme 
would  provide  for  the  detection  and  cor- 
rection of  errors  at  any  time  during  nor- 
mal operation  —  even  while  data  are  being 
written  into  the  memory.  Unlike  in  prior 
error-detection  and  -correction  schemes, 
faults  in  the  equipment  (eg.,  memory  cells 
stuck  at  "one"  or  "zero")  that  may  cause 
errors  in  the  output  data  (depending  on  the 
input  data)  could  be  detected  by  repeatedly 
testing  every  memory  cell  to  determine 
whether  it  can  still  store  both  "one"  and 
"zero,"  without  destroying  the  data  stored 
in  the  memory. 

Each  cell  of  the  memory  would  include 
a  static  subcell  and  a  dynamic  subcell, 
which  would  be  part  of  a  built-in  compara- 
tor (see  figure).  Pass  transistors  G  and  G 
would  store  the  true  and  complement  values 
of  a  datum  in  the  static  subcell  as  charge 
on  gates  A  and  B  of  the  comparator.  When 
a  datum  was  written  into  the  cell,  it  would 
be  stored  in  both  subcells;  then  the  pass 
transistors  would  be  turned  off  so  that  both 
subcells  would  be  isolated.  The  static  and 
dynamic  subcells  would  be  continuously 
compared  to  each  other  by  the  built-in 
comparator.  The  output  of  the  comparator 
would  be  connected  to  transistor  H,  which 
would  normally  be  turned  on.  The  output 
of  transistor  H  would  be  connected  to  a 
signal  line  called  the  "column  error  signal" 
(CES)  line  shared  by  all  memory  cells  in 
the  same  column.  A  transient  fault  that 
flipped  either  subcell  of  a  memory  cell  in 
a  column  would  thus  be  indicated  imme- 
diately by  a  CES. 

The  memory  could  be  made  to  recover 
from  transient  errors  by  combining  the  use 
of  a  parity  bit  with  a  binary  search  pro- 
cedure. In  this  procedure,  the  H  transistors 
in  progressively  narrowing  groups  of  rows 
would  be  alternately  turned  on  and  off  un- 
til a  row  giving  rise  to  CES's  in  each  col- 
umn was  identified.  A  parity  check  would 
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The  Self-Testing  Static  Random-Access 
Memory  would  detect  and  correct  both  "hard" 
and  "soft"  errors  at  any  time  during  normal 
operation — even  while  data  are  being  written 
in  or  read  out. 

then  be  performed  on  the  faulty  row  to 
determine  whether  the  error  was  caused 
by  the  identified  static  or  dynamic  subcell. 
An  error  could  be  corrected  by  either  re- 
versing the  datum  in  the  faulty  static  sub- 
cell  in  the  case  of  a  parity  error  or  by  re- 
freshing the  datum  in  the  faulty  dynamic 
subcell  where  there  was  no  parity  error. 
The  binary  search  would  then  be  back- 
tracked to  detect  and  correct  single  bit  er- 
rors in  other  rows. 

This  technique  could  correct  single  bit 
errors  in  any  number  of  words  in  memory. 
In  the  worst  case,  the  time  needed  to  iden- 
tify a  faulty  row  would  be  proportional  to 
log2(2N),  where  N  is  the  number  of  rows. 


However,  backtracking  would  cause  the 
average  identification  time  to  decrease 
with  an  increase  in  the  number  of  faulty 
rows. 

The  search  of  faulty  rows  could  be  done 
during  normal  memory  read/write  opera- 
tions because  the  CES  lines  would  be  in- 
dependent of  the  data  lines.  When  a  faul- 
ty row  was  isolated,  it  would  be  read  out, 
and  the  faulty  bit  indicated  by  the  CES 
would  be  reversed  immediately.  This  con- 
cept also  provides  for  delayed  commit- 
ment in  writing  a  datum  into  a  cell  by  tem- 
porarily separating  the  two  inverters  in  the 
static  subcell.  The  new  datum  could  be 
loaded  dynamically  into  only  one  inverter 
while  retaining  the  previous  datum  dy- 
namically in  the  other  inverter.  If  the  new 
datum  were  to  prove  faulty,  the  lower  in- 
verter could  be  used  to  restore  the  previ- 
ous datum. 

This  work  was  done  by  Savio  Chau  and 
David  Rennets  of  Caltech  for  NASA's  Jet 
Propulsion  Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  NASA's  Resident  Office- 
JPL.  Refer  to  NP0-17939/TN. 
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Simplified  Learning  Scheme  for  Analog  Neural  Network 

Synaptic  connections  are  adjusted  one  at  a  time  in  small  increments. 


A  simplified  gradient-descent  learning 
scheme  for  an  electronic  neural-network 
processor  is  less  efficient  than  the  better- 
known  back-propagation  scherne  is,  but  of- 
fers two  advantages:  (1)  it  is  easily  imple- 
mented in  circuitry  because  the  data-access 
circuitry  is  separated  from  the  learning  cir- 
cuity; (2)  the  independence  of  the  data-ac- 
cess circuitry  makes  it  possible  to  implement 
feedforward  as  well  as  feedback  networks, 
including  those  of  the  multiple-attractor  type 
(The  output  vector  of  a  multiple-attractor  net- 
work tends  to  remain  at  one  of  a  multiplici- 
ty of  equilibrium  points  (the  attractors)  until 
the  input  changes  enough  to  push  the  out- 
put to  another  equilibrium  point.]  Multiple- 
attractor  networks  are  important  in  such  ap- 
plications as  the  recognition  of  patterns. 
Figure  1  illustrates  a  simple  neural  net- 

}  work  that  includes  an  input  layer,  an  output 
layer,  and  a  middle  (hidden)  layer  of  neurons. 
Each  neuron  is  represented  as  an  analog 
amplifier  circuit,  the  output  of  which  is  a  non- 
linear function  (called  the  "activation  func- 
tion") of  its  input.  The  input  and  output  ter- 
minals of  all  the  neurons  are  connected  to 
each  other  by  a  matrix  of  resistors  that  repre- 
sent synapses.  The  matrix  includes  both 
feedforward  and  feedback  synapses.  The 
strength  of  each  synaptic  connection  is  ad- 
justed by  varying  its  conductance;  where 
no  connection  is  desired  (e.g.,  no  feedfor- 
ward or  feedback  along  a  specific  path),  the 
conductance  is  set  to  zero. 

To  initiate  the  learning  process,  an  input 
vector  of  stimuli  is  fed  to  the  input  neurons, 
and  the  resulting  vector,  o,  of  responses  of 
output  neurons  is  measured  and  compared 
with  the  desired  response  or  target  vector, 
t.  The  conductance  of  one  of  the  synaptic 
connections  is  then  changed  temporarily  by 
a  small  amount,  and  the  effect  on  o  is  ob- 
served. Thus,  the  gradient  is  directly  and 
experimentally  determined.  If  the  change 
causes  o  to  move  toward  (or  away  from) 
t,  then  the  conductance  of  that  connection 
is  changed  in  the  same  (or  the  opposite,  re- 
spectively) direction  as  that  of  the  temporary 

Ichange,  by  a  small  amount  related  to  the 
error  between  o  and  t.  If  the  temporary 
change  causes  no  change  in  the  output, 
then  the  connection  is  allowed  to  remain 
at  its  original  strength.  This  procedure  is  re- 


Figure  1.  This  Sim- 
ple Neural  Network 

includes  a  synaptic 
matrix  of  resistors  that 
are  to  be  updated  in  a 
learning  process. 


Figure  2.  This  Learning 
Subsystem  semiper- 
manently adjusts  the  re- 
sistances of  a  synaptic 
matrix  like  that  of  Figure 
1,  in  response  to 
changes  in  the  output 
error  of  the  neural  net- 
work that  occur  when 
those  resistances  are 
temporarily  changed  by 
small  amounts. 
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peated,  one  synapse  at  a  time,  until  the  en- 
tire synaptic  matrix  has  been  updated.  The 
procedure  for  the  entire  matrix  may  have 
to  be  repeated  many  times  for  each  stimulus/ 
response  pair  until  the  network  has  learned 
the  entire  set  of  correct  responses. 

Figure  2  is  a  simplified  schematic  dia- 
gram of  the  learning  circuitry  of  a  synaptic 
matrix.  Each  synapse  includes  a  third  ter- 
minal for  the  modification  of  its  connection 
strength.  An  electronic  programming  switch 
can  be  closed  to  connect  each  synapse  to 
the  update  line.  The  learning  controller  con- 
sists of  circuitry  that  updates  each  synapse 


in  turn  by  closing  its  programming  switch 
(via  the  row-  and  column-selecting  lines), 
changes  the  conductance  of  the  synapse 
slightly,  and  evaluates  the  effect  of  the  change 

This  work  was  done  by  Silvio  P. 
Eberhart  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  NASA's  Resident  Office- 
JPL  Refer  to  NPO-17664/TN. 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  for  JPL:  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)354-2240 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


Department  of  Energy 


Technology  Application 


Ames  Laboratory 


PC  Board  Simplifies  Data  Process 


Ames  Laboratory  physicists  and  en- 
gineers have  designed  a  multilayer 
printed  circuit  board  that  converts 
huge  amounts  of  analog  information  to 
digital  signals,  thus  simplifying  data 
processing  and  storage. 

The  board  was  designed  for  use  in  a 
high  energy  physics  experiment  at 
CERN,  the  European  international 
center  for  particle  physics.  It  is  also 
well  suited  for  applications  in  nuclear 
medical  imaging,  astronomy,  and  other 
areas  of  science  where  "blanket"  sam- 
pling results  in  the  collection  of  vast 
amounts  of  data. 

A  common  problem  in  taking  blanket 
samples  is  that  a  large  amount  of  un- 
necessary information,  essentially 
noise,  is  also  collected.  For  example, 
in  the  DELPHI  (Detector  for  Electron 
Lepton  Photon  Hadron  Identification) 
experiment,  which  required  600  of 
these  boards,  4.5  million  regions  of 
space  inside  an  electromagnetic 
calorimeter  are  scanned.  However, 
after  the  data  is  collected,  useful  infor- 
mation is  found  in  only  30,000  to 
40,000  of  these  regions. 

To  eliminate  the  unnecessary  back- 
ground, or  "noise,"  and  achieve  what  is 
called  zero-suppression,  Ames  Lab's 
scientists  and  engineers  designed  the 
board's  circuitry  in  such  a  way  that 
data  is  not  counted  as  "valid"  unless  it 
generates  a  signal  level  above  that  of 


the  ambient  backgrounds,  and  unless  a 
minimum  number  of  contiguous  signals 
pass  this  criteria. 

The  board  itself  is  comprised  of  10  cir- 
cuit layers  and  houses  32  FLASH 
ADCs  (Analog  to  Digital  Converters). 
These  ADCs  are  able  to  sample  infor- 
mation at  the  rate  of  15  million  times 
per  second,  and  to  convert  each 
sample  to  eight  bits  of  digital  informa- 
tion. Using  a  bilinear  conversion 
scale,  a  dynamic  range  of  800- to- 1  is 
achieved. 

A  unique  feature  of  the  design  is  the 
extensive  use  of  programmable  logic 
components,  especially  to  control  the 
zero  suppression.  Another  novel 
aspect  is  the  extensive  distributed 
processing  capability.  Each  board 
contains  a  microprocessor  that  allows 
digitized  data  to  be  reformatted  and 
allows  calibration  tasks  to  be  per- 
formed efficiently. 

The  board,  which  measures  14.4  by 
15.8  inches,  conforms  to  IEEE  stand- 
ard (IEEE  960-1986)  FASTBUS, 
making  it  compatible  with  the  data  ac- 
quisition and  control  systems  used  in 
most  experimental  and  educational 
laboratories. 


For  more  information  on  thU  technol- 
ogy, contact  Daniel  E.  Williams,  (515) 
294-2635. 
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Spherical  Antenna 


The  present  invention  relates  to  a  microwave  antenna  having  isotropic  radiation  patterns  at  a  circular  polarization.  The 
antenna  uses  a  radiating  element  consisting  of  a  full  metal  sphere  with  a  ring  slot  near  the  polar  region.  The  slot  is  fed 
by  a  flat  cylindrical  cavity,  located  inside  the  sphere,  that  opens  into  the  ring  slot.  The  open  cavity  is  excited  in  phase 
quadrature  at  two  points  off-set  by  ninety  degrees.  The  primary  advantage  of  this  technique  is  its  simplicity  of  shape.  It 
provides  good  pattern  quality  and  polarization  performance. 

State  of  Development:  The  method  has  been  laboratory  proven  and  tested  for  use  by  the  United  States  Army. 

Applications:  The  invention  can  be  used  in  general  microwave  communication  systems  and  in  navigation  systems  where 
hemispherical  coverage  at  circular  polarizations  is  required.  The  device  would  be  useful  as  an  antenna  for  manpack, 
vehicular  and  helicopter  applications.  The  device  is  a  narrow-band  device;  but  extension  to  two  or  more  frequencies  is 
feasible  by  using  several  ring  slots  and  open  cavities  thus  providing  for  extended  applications. 

Patent  Status:  U.S.  Patent  Number  4,185,289. 

FOR  ADDITIONAL  INFORMATION:  Charles  Grzenda,  Chief,  Office  of  Research  and  Technology  Applications, 
Center  for  C3  Systems,  Attn.:  AMSEL-RD-C3-TP,  Fort  Monmouth,  NJ  07703;  Telephone:  (201)544-3119. 
Application  assessment  Number  004. 
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Dual  Pyroelectric  Vidicon  Camera  Developed 


FROM 
TARGET 


Figure  1.  Dual  pyroelectric  vidicon  infrared  camera 


The  Naval  Ocean  Systems 
Center  (NOSC),  San  Diego, 
California,  has  developed  a  Dual 
Pyroelectric  Vidicon  Infrared 
Camera  (Figure  1),  which  is  a 
modification  of  a  standard 
pyroelectric  video  infrared  camera. 

The  dual  camera  provides  for 
improved  sensitivity  and  signal-to- 
noise  ratio  and  eliminates  the 
requirement  of  panning  or  orbiting 
to  obtain  an  image  on  a  stationary 
object.  Infrared  energy  received 
from  an  object  is  directed 
alternately  to  two  pyroelectric 
vidicons  by  an  optical  lens  and 
rotating  mirror  arrangement.  The 
received  energy  is  allowed  to  pass 
directly   to  a  first  vidicon   for 


approximately  50  percent  of  the 
time  and  is  directed  to  a  second 
vidicon  for  approximately  50 
percent  of  the  time.  By  means  of  a 
synchronizing  circuit  and  switch, 
the  live  video  signal  is  added 
directly  with  the  inverted  output 
from  the  vidicon  not  receiving 
energy  to  provide  a  higher  signal- 
to-noise  ratio  signal  output. 

For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

Code  E211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  150701/TN 
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Department  of  Defense 
Reliability  Analysis  Center 

Rome  Air  Development  Center,  Griff iss  AFB,  NY  13441 

Photonics  Analysis  Center  of  Technology:  An 
Established  PHACT 


November  24th  marked  the  start  of  a  pilot  operation 
period  for  the  Photonics  Analysis  Center  of  Technology,  or 
PHACT,  in  Rome,  NY.  Sponsored  by  the  New  York 
Photonics  Development  Corporation,  the  PHACT  is  being 
operated  by  IIT  Research  Institute  and  will  serve  as  a 
central  repository  of  photonics  data  and  information  and 
to  foster  technology  transfer  within  the  photonics 
community. 

The  PHACT  has  an  aggressive  plan  for  its  initial 
operation,  with  several  products  already  announced.  A 
key  activity  of  the  pilot  operation  is  a  comprehensive  user 
survey.  This  survey  will  feed  the  planning  process  for 
long-term  PHACT  operation  with  information  on  user's 
needs  and  on  their  willingness  to  pay  for  services  and 
cooperate  in  providing  data.  A  strong  current  awareness 
program  will  also  be  conducted,  with  timely  photonics 
information  disseminated  via  newsletters. 

In  Hot  Pursuit 

Research  in  this  emerging  technology  area  is  aimed  at 
developing  integrated  devices  comprised  of  optical  gates 
which  are  smaller  and  exhibit  much  faster  switching 
speeds  than  electronic  microcircuits.  Inherent  charac- 
teristics of  these  devices  will  have  a  direct  bearing  on  the 
reliability  of  systems  containing  photonic  components. 

For  example,  research  is  currently  underway  at  Rome 
Laboratory  in  Rome,  NY  in  cooperation  with  Cornell 
University  to  develop  fabrication  techniques  for  optical 
logic  gates  based  on  a  quantum  well  envelope  state 
transition,  or  QWEST,  effect.  Unlike  more  conventional 
semiconductor  switches,  in  a  QWEST  device  the  switching 
transition  takes  place  entirely  in  the  conduction  band 
rather  than  from  valence  to  conduction  band.  This  results 
in  orders  of  magnitude  lower  temperature  dependence 
and  very  low  switching  energy.  Lower  temperature 
dependence  makes  possible  reliable  operation  over  a  0  to 
400°K  temperature  range.  The  change  in  QWEST  energy 
with  temperature  is  about  thirty  times  less  sensitive  than 
that  for  bandgap  transitions  in  semiconductors  and  can  be 
adjusted  to  near  zero.  Low  switching  energies  imply 
modest  heat  dissipation  and  power  supply  requirements. 

By  adjusting  the  design  to  place  the  switching  transition  in 
the  mid-infrared,  a  QWEST  device  can  be  integrated  with 
waveguides  of  dimensions  easily  fabricated  by  optical 
lithography  and  is  compatible  with  use  of  inexpensive  CO2 
lasers  to  power  an  optical  processor. 


Modeled  on  DoD's  lACs 

The  New  York  State  initiative  to  create  the  PHACT  is 
modeled  after  other  successful  national  Information 
Analysis  Centers,  or  IACs,  such  as  those  operated  by 
contractors  or  internally  under  the  DoD's  program.  The 
DoD  currently  operates  over  twenty  IACs  in  specific 
subject  areas,  either  internally  or  under  contract.  IITRI  is 
the  current  contractor  for  three  DoD  IACs:  the  Reliability 
Analysis  Center  (RAC),  the  Manufacturing  Technology 
IAC  (MTIAC),  and  the  Guidance  and  Control  IAC 
(GACIAC).  In  addition  to  the  DoD  program,  many  other 
IAC-like  information  centers  are  operated  with  the  backing 
of  other  government  or  non-government  organizations. 
For  example,  the  Defense  Logistics  Agency  sponsors  the 
Instrumental  Factory  (INF AC),  the  Air  Force  sponsors  the 
Electromagnetic  Compatibility  Analysis  Center  (ECAC), 
and  the  Electric  Power  Research  Institute  sponsors  several 
Technical  Information  Centers  (TICS). 

The  premise  of  IAC  operation  is  that  the  creation  and 
maintenance  of  a  centralized  repository  of  expertise,  data, 
and  information  whose  use  is  paid  for  by  customers  is 
more  effective  than  individual  centers  maintained  by  each 
customer.  Each  IAC  operation  typically  has  core  funding 
from  a  sponsoring  organization  to  establish  a  critical  mass 
of  information  and  technical  talent  and  must  meet  cost 
recovery  objectives  from  sales  of  its  products  and  services. 
This  has  proven  to  be  a  cost-effective  way  of  transitioning 
and  disseminating  technology.  To  successfully  achieve 
cost  recovery  goals  and  long-term  growth  the  IAC  must 
aggressively  seek  out  users  and  satisfy  their  technical 
needs. 

The  current  photonics  world  market  is  estimated  at 
approximately  ten  billion  dollars  with  an  annual 
expansion  rate  of  twenty  to  forty  percent.  PHACT 
founders  will  work  to  make  a  key  contribution  to  the 
emergence  of  photonics  technology  by  providing  cost- 
effective  technology  transfer  through  PHACT's  products, 
services,  and  current  awareness  periodicals. 


FOR  ADDITIONAL  INFORMATION:     Photonics 
Analysis  Center  of  Technology,  Rome,  NY.  Readers 
interested  in  photonics  are  invited  to  call  the  PHACT  at 
(315)339-7019  to  request  a  copy  of  the  survey  and  to  be^ 
put  on  the  mailing  list  for  the  PHACT  current  awareness  (P 
program. 
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Magnetoresistance  Magnetometer  Developed 


4V-12V 


ON -OFF 


-izv*_  i 


PICTORIAL  DIAGRAM 


SCHEMATIC  DIAGRAM 


Figure  3.  Double  Chip  Test  Circuit 


The  Naval  Surface  Warfare 
Center  (NAVSWC),  Silver  Spring, 
Maryland,  has  developed  a 
magnetic  field  sensor,  which  has 
performance  advantages  over 
many  others.  The  sensor  element 
of  the  magnetoresistance  mag- 
netometer is  physically  very  small 
and  readily  amenable  to 
economical  mass  production 
techniques  such  as  those  used  in 
the  fabrication  of  integrated 
circuits.  The  detection  of  magnetic 
fields  is  a  common  function  of 
many  systems.  Magnetometers  of 
various  types  find  their  way  into 
torpedoes,  mines,  buoys,  instrusion 
detectors,  vehicle  detectors,  and 
magnetic  anomaly  detectors  to 
name  a  few  systems. 

The  magnetoresistance  mag- 
netometer consists  of  a  small  chip 
with  four  connections.  The  chip 
has  a  thin  film  of  permalloy 
(deposited  on  it,  which  is  etched  to 
form  a  "Wheatstone  Bridge."  A 
small  permanent  magnet  is  also 


needed  to  bias  the  thin  film.  The 
permanent  magnet  aligns  the 
magnetization  of  the  film  along  a 
direction.  The  field  to  be  measured 
is  directed  perpendicular  to  the 
field  from  the  permanent  magnet. 
Each  arm  of  the  Wheatstone 
Bridge  is  made  up  of  a 
magnetoresistor,  which  changes 
resistance  when  the  magnetization 
rotates.  Thus  a  field  directed 
perpendicular  to  the  field  applied 
by  the  permanent  magnet  and  in 
the  plane  of  the  film  changes  the 
resistors  so  the  bridge  becomes 
unbalanced  in  proportion  to  the 
field  being  measured. 

For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

Code  E2 11 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  151004/TN 
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Optical  Backplane  Interconnection 

Output  and  input  devices  would  be  switched  by  changing  wavelengths. 


The  optical  backplane  interconnection 
(OBIT)  is  a  method  of  optically  interconnect- 
ing many  parallel  outputs  from  a  data  proc- 
essor to  many  parallel  inputs  of  other  data 
processors  by  optically  changing  the  wave- 
length of  the  output  optical  beam.  Hereto- 
fore, most  interconnections  in  the  back- 
planes of  data  processors  have  been  made 
by  electronic  switch  connections,  and  both 
a  command  and  an  electrical  or  optical 
connection  have  been  required  for  each 
switch  connection.  For  example,  an  optical 
matriX'vector  switch,  in  which  a  column  of 
optical  emitters  can  communicate  with  a 
row  of  optical  detectors  by  use  of  a  liquid- 
crystal  light  valve  placed  between  the  emit- 
ters and  detectors,  requires  a  column  and 
row  address  for  each  switch  connection. 
More  than  one  connection  can  be  made, 
but  each  connection  requires  a  column  and 
a  row  switch  address.  The  OBIT  requires 
only  one  command:  the  exact  wavelength 
necessary  to  make  the  connection  be- 
tween the  two  desired  processors. 

The  OBIT  is  envisioned  to  have  an  array 
of  outputs  and  inputs,  such  as  those  shown 
in  the  figure.  The  selection  of  which  output 
is  to  be  connected  to  which  input  would 
be  made  by  use  of  a  wavelength  that  under- 
goes a  particular  angle  of  deflection.  The 
method  and  means  for  generating  and  se- 
lecting a  given  wavelength  is  provided  by 
an  opto-electronic  integrated  circuit  (not 
shown)  that  is  part  of  the  overall  design. 
The  array  control  would  basically  select  the 
wavelengths  by  which  the  processors  could 
communicate.  In  addition,  it  could  be  possi- 
ble, depending  upon  the  design  configura- 
tion, to  have  one  laser/detector  array  emit 


Laser  Beams  Row 
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Wavelength 


Input/Output 
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To  Data 
Processor 


Input/Output 
Array  2 


A  Change  in  Wavelength  in  light  emitted  by  a  laser  in  array  1  would  cause  a  change  in 
the  angle  of  the  laser  beam,  causing  the  beam  to  strike  a  different  detector  in  array  2. 


more  than  one  wavelength  and  communi- 
cate with  an  adjacent  array  in  more  than 
one  location  simultaneously. 

The  limits  to  the  numbers  of  rows  and 
columns  of  the  arrays  would  depend  on  the 
limits  on  the  change  in  the  angle  of  deflec- 
tion caused  by  a  change  in  wavelength 
when  the  emitting  beam  is  passed  through 
a  diffraction-grating  or  other  optical  deflec- 
tor. The  limits  would  be  a  function  of  the 
properties  of  the  gratings  and  the  ability  to 
shift  wavelengths  in  the  lasers  or  other 
sources  of  light.  The  numbers  of  parallel 
interconnections  that  could  be  made  would 
be  limited  by  the  loss  mechanisms  in  the 
coupling  scheme  and  the  availability  of  op- 
tical amplification. 

One  of  the  materials  from  groups  1 1 1  and 
V  of  the  periodic  table  of  the  elements,  prob- 
ably GaAs/AIGaAs  or  InP/lnGaAs/lnGaAsR 


would  be  the  medium  for  fabrication  of  the 
integrated  optical  structure.  An  approximate  i 
physical  model  of  the  device  was  imple- 
mented with  fiber-optic  couplers,  lasers  of 
different  wavelengths,  and  a  diffraction 
grating.  Many  features,  including  small- 
ness,  would  make  it  advantageous  to  incor- 
porate an  OBIT  (as  opposed  to  an  electrical 
or  matrix«vector  optical  switching  device) 
into  an  integrated  optical  device.  The  OBIT 
technique  would  simplify  or  eliminate  wir- 
ing and  would  speed  the  transfer  of  data 
over  existing  electrical  or  optical  intercon- 
nections. Computer  hookups  and  fiber-op- 
tical communication  networks  would 
benefit  from  this  concept. 

This  work  was  done  by  Herbert  D. 
Hendricks  of  Langley  Research  Center. 
LAR-14052/TN 


FOR  ADDITIONAL  INFORMATION:  Confacf:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


459 


IWVSATech  Brief 

National  Aeronautics  and 
I  Space  Administration 

Langley  Research  Center,  Hampton,  Virginia 


Optical  Isolators  With  Transverse  Magnets 

Large  apertures  are  obtained  in  compact  isolators  that  include  readily  available  permanent  magnets. 


Progress  with  laser  systems  has  stimu- 
lated a  demand  for  an  optical  isolator  of 
high  quality  and  compact  size  with  a  large 
aperture.  An  ideal  optical  isolator  is  a  de- 
vice that  allows  total  transmission  of  a 
beam  in  the  forward  direction  while  totally 
blocking  transmission  of  the  beam  in  the 
backward  direction,  thus  preventing  back- 
ward reflections  from  disturbing  the  for- 
ward signal.  In  a  high-power  laser  system, 
the  use  of  an  isolator  between  an  oscillator 
and  an  amplifier  can  protect  the  oscillator 
optics  from  damage  by  amplified  backward 
reflection. 

The  commonly  used  type  of  isolator 
consists  of  a  Faraday  rotator,  a  quarter- 
wave  plate,  and  a  pair  of  polarizers.  The 
most  popular  Faraday-rotation  materials  of 
high  optical  quality  available  commercially 
in  large  sizes  require  relatively  large  mag- 
netic fields.  The  required  magnetic  fields 
can  be  reduced  by  using  such  high-Verdet- 
constant  materials  as  garnet  crystals, 
which  have  limitations  on  transmission 
range,  optical  quality,  and  size,  and  are  not 
readily  available.  In  addition,  electromag- 
nets with  water-cooled  solenoids  are  used 
in  typical  isolators  to  produce  the  large 
longitudinal  magnetic  fields  required  for 
the  proper  rotation,  making  the  isolators 
cumbersome  and  very  expensive. 

A  new  design  for  an  isolator  includes  a 
zigzag,  forward-and-backward-pass  beam 
path  and  use  of  a  transverse  rather  than 


The  Zigzag  Beam- 
Path  Design  results 
in  a  smaller,  less- 
expensive  optical 
isolator. 


Polarizer  Mirrors 
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longitudinal  magnetic  field  (see  figure). 
These  design  choices  produce  an  isolator 
with  as  large  an  aperture  as  desired  using 
low-Verdet-constant  glass  rather  than  the 
more  expensive  crystals.  This  design  also 
uses  commercially  available  permanent 
magnets  in  the  Faraday  rotator  rather  than 
the  more  expensive  and  bulky  electromag- 
nets. Thus,  this  isolator  is  more  compact 
and  less  expensive  than  was  previously 
possible  in  a  large-aperture  design.  This 
isolator  can  also  be  designed  to  transmit  a 
rectangular  beam.  The  square  cross  sec- 
tion of  the  beam  can  easily  be  extended  to 
a  rectangular  shape  by  increasing  one  di- 
mension of  the  glass  without  having  to  in- 
crease the  magnetic  field. 

A  demonstration  isolator  of  the  new  type, 
though  not  of  optimum  design,  was  built 
from  available  equipment.  The  isolator  had 


two  internal  reflections  in  the  forward  zig- 
zag pass,  two  reflections  in  the  backward 
zigzag  pass,  and  two  reflections  for  the  end 
reflector.  The  transverse  magnet  had  an 
average  field  of  7  kG.  Nonoptimum  design 
produced  a  high  transmission  loss  of  74 
percent.  The  measured  isolation  was  36 
percent,  and  the  output  beam  had  good 
quality. 

These  unique  properties  make  this  opti- 
cal isolator  potentially  very  useful  in  laser 
systems  involving  slab  lasers  and  amplifi- 
ers. It  could  also  have  application  to  the 
study  of  very-high-power  lasers  for  fusion 
research. 

This  work  was  done  by  Yuan  X.  Fan  and 
Robert  L  Byer  of  Stanford  University  for 
Langley  Research  Center. 
LAR-14092/TN 
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Quad-Port  Transceivers  for  a  Dual-CRR  LAN 

Redundancy  protects  against  failures. 


Quad-port  fiber-optic  transceivers  have 
been  demonstrated  successfully  as  the 
physical-layer  interface  units  in  the  Whis- 
perNet  —  a  local-area  network  (LAN)  of 
computers  and  other  devices  in  communi- 
cation with  each  other.  The  WhisperNet  is 
arranged  in  a  fully  redundant  configuration 
in  which  each  quad-port  transceiver  com- 
municates over  four  pairs  of  optical  fibers 
with  signals  flowing  as  though  in  two  sets  of 
counterrotating  rings  (CRR's)  (see  Figure 
1).  The  WhisperNet  meets  the  interface 
specifications  of  the  Institute  of  Electrical 
and  Electronics  Engineers  (IEEE)  Standard 
802.3  and  Ethernet  Version  2.0. 

The  WhisperNet  concept  eliminates  the 
need  for  repeaters  (other  than  the  quad- 
port  transceivers),  star  couplers,  and  a  wir- 
ing center.  One  WhisperNet  ring  is  more 
versatile  than  is  one  segment  of  Ethernet 
coaxial  cable,  to  which  it  corresponds.  The 
quad-port  transceiver  performs  the  func- 
tion of  the  physical  layer  according  to  the 
Ethernet  specification,  but  by  use  of  optical 
fiber  instead  of  coaxial  cable. 

Once  a  terminal,  computer,  printer,  or 
other  device  is  connected  to  the  Whisper- 
Net, it  can  gain  access  to  many  other  de- 
vices on  the  network  at  a  speed  of  10  Mb/s 
via  virtual  connections.  As  used  here,  "vir- 
tual connection"  denotes  a  connection  be- 
tween two  devices  via  the  network,  in 
which  the  network  becomes  imperceptible 
in  that  it  functions  as  a  wire  between  the 
two  devices  and  in  which  different  speeds, 
parities,  flow  controls,  and  other  charac- 
teristics of  ports  are  resolved  automatically 
within  the  network. 

Each  quad-port  transceiver  contains 
two  independent  dual-port  transceivers 
(see  Figure  2),  each  of  which  serves  one  of 
the  CRR's.  The  quad-port  transceivers  im- 
plement the  special  dual-CRR  features  that 
provide  the  redundance  that  enables  the 
network  to  tolerate  multiple  failures.  These 
features  are  the  following: 

•  Normally,  the  Ethernet  message  is  trans- 
mitted on  two  CRR's  (four  fiber-optic 
rings). 

•  The  network  can  survive  a  break  in  a  cable 
(that  is,  an  optical  fiber)  in  one  of  the  rings 
without  degradation  of  performance. 

•A  single  failed-node  bypass  does  not 
isolate  the  node  from  the  network. 


Figure  1 .  Each  Node 
of    the    Dual-CRR 

LAN  contains  a 
quad-port  trans- 
ceiver that  serves 
four  pairs  of  optical 
fibers. 
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•The  network  automatically  reconfigures 
itself  after  breaks  in  cables  on  both  rings, 
interconnecting  the  operating  sections  of 
both  rings  into  a  larger  C-shaped  ring. 
•  A  node  can  be  added  to,  or  moved  within, 
the  network  without  causing  the  network 
to  fail. 
Because  of  its  high  reliability  and  availabili- 
ty and  its  "fail-soft"  nature,  the  network  is 
well  suited  to  military  and  critical  commer- 
cial applications. 

This  work  was  done  by  Joseph  A. 
Wiencko,  Jr.,  and  Gary  R.  Mangus  of 
Fiber-Corn,  Inc.,  for  NASA's  Jet  Pro- 
pulsion Laboratory. 
NP0-17541/TN 
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Figure  2.  A  Quad- 
Port    Transceiver 

consists  of  two  dual- 
port  transceivers  and 
ancillary  equipment 
in  a  compact  pack- 
age. This  transceiver 
serves  as  the  inter- 
face between  the 
optical  fibers  and  the 
external  computing 
devices. 


NOTES: 

1.  "IC"  means  "Integrated  circuit." 

2.  "SW"  means  "switch." 


3.  "T"  means  "transmitter." 

4.  "R"  means  "receiver." 
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Semiconductor  Laser  With  Multilayer  Dielectric  Reflector 

The  reflector  would  increase  output  by  reducing  absorption  in  the  substrate. 


A  multilayer  dielectric  reflector  would  be 
included  in  a  proposed  surface-emitting, 
distributed-feedback,  grating  semiconduc- 
tor laser  (e.g.,  a  GaAIAs  device).  The  reflec- 
tor would  contribute  to  the  efficiency  and 
output  power  of  the  laser  by  reducing  the 
amount  of  light  that  enters  the  substrate, 
where  it  is  wasted  by  absorption. 

A  device  of  this  type  includes  a  double- 
heterostructure  laser  bounded  at  both  ends 
by  passive  waveguides.  The  passive  wave- 
guides contain  grooves  perpendicular  to 
the  axis  of  propagation.  These  grooves 
have  a  spatial  period  equal  to  the  wave- 
length of  the  laser  light  and  act  as  diffrac- 
tion gratings  (see  Figure  1).  The  second- 
order  component  of  diffracted  light  in  each 
grating  is  reflected  back  toward  the  laser, 
thus  providing  feedback  for  the  laser  res- 
onator. Two  first-order  components  of  re- 
fracted light  travel  perpendicularly  to  the 
grating  surfaces:  one  outward,  the  other 
inward,  toward  the  substrate.  In  prior  de- 
vices of  this  type,  most  of  the  light  in  the 
inward-diffracted  component  is  absorbed 
in  the  substrate,  with  a  consequent  loss 
of  some  output  and  efficiency. 

In  the  proposed  device,  the  multilayer 
dielectric  reflector  would  be  interposed  be- 
tween the  substrate  and  the  active  and 
waveguide  layers.  It  would  reverse  the 
propagation  of  light  entering  the  substrate, 
returning  it  to  the  feedback  and  output 
beams.  This  layer  would  consist  of  10  or 
more  pairs  of  quarter-wavelength-thick 
sublayers  of  alternating  higher  and  lower 
index  of  refraction.  The  reflector  would  be 
grown  on  the  substrate  before  depositing 
the  lower-cladding,  active,  and  waveguide 
layers.  The  reflector  sublayers  would  be 
made  of  the  same  materials  as  those  of 
the  cladding  layers  to  preserve  the  epitax- 
ial nature  of  subsequent  growth,  and  would 
be  deposited  by  such  high-quality  material- 
growing  processes  as  molecular-beam 
epitaxy  or  metal/organic  chemical-vapor 
deposition.  Other  than  the  deposition  of  the 
reflector  sublayers,  no  additional  proces- 
sing would  be  required  beyond  that  re- 
quired to  fabricate  a  surface-emitting  laser 
without  the  reflector.  The  reflector  could 
be  integrated  with  grating  structures  of 
several  different  types;  for  example,  the 
gratings  could  be  formed  on  the  outside 
or  the  inside  of  the  cladding  layers  and/or 
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Figure  1.  The  Multi- 
layer Dielectric 
Reflector  added  to  a 
surface-emitting,  dis- 
tributed-feedback, 
grating  semiconduc- 
tor laser  would  reflect 
light  away  from  the 
substrate,  thereby  in- 
creasing the  output. 
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PRIOR  DESIGN  (WITHOUT  MULTILAYER  DIELECTRIC  REFLECTOR) 


PROPOSED  DESIGN  (WITH  MULTILAYER  DIELECTRIC  REFLECTOR) 
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Figure  2.  The  Index  of  Refraction  in  the  reflector  sublayers  would 
alternate  between  a  higher  and  a  lower  value.  The  higher  value  would 
be  less  than  the  effective  index  of  refraction  of  the  waveguide  layer. 
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made  of  such  other  materials  as  InGaAsP. 
Two  major  issues  govern  the  selection 
of  the  indexes  of  refraction.  One  is  that  the 
reflectivity  of  the  reflector  layer  increases 
with  both  the  number  of  sublayers  and  the 
difference  between  the  two  indexes  of  re- 
fraction in  them.  Therefore,  in  designing  a 
device,  one  can  trade  off  the  number  of 
sublayers  against  the  index  difference 
while  maintaining  the  desired  reflectivity. 
The  other  is  that  to  confine  the  laser  elec- 
tromagnetic mode  to  the  waveguide,  it  is 
necessary  to  make  the  effective  index  of 
refraction  (a  function  of  both  the  index  of 
refraction  and  the  width)  of  the  waveguide 


greater  than  the  index  of  refraction  of  any 
of  the  reflector  sublayers;  this  imposes  an 
upper  limit  on  the  difference  between  the 
two  indexes  in  the  sublayers. 

This  work  was  done  by  Robert  J. 
Lang  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  NASA  Resident  Office- 
JPL  Refer  to  NPO-17763/TN. 
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Oscillating  Thermal  Switch 

The  transferred  heat  would  actuate  a  device  with  no  moving  parts. 


• 


A  proposed  heat  switch  would  transfer 
heat  from  a  source  to  a  sink  in  regular  cy- 
cles. The  switch  is  intended  for  use  in  a 
gas-sorption  refrigerator.  This  type  of  refrig- 
erator produces  heat  loads  that  must  be 
connected  and  disconnected  in  precisely 
timed  periods.  The  proposed  heat  switch, 
unlike  those  now  available,  would  be  self- 
sustaining;  it  would  be  actuated  by  the 
transferred  heat,  contain  no  moving  parts, 
and  need  no  external  heaters  or  electronic 
circuitry  to  synchronize  heat-transfer 
periods  or  control  heat-transfer  rates. 

The  proposed  heat  switch  would  con- 
tain a  variable-conductance  heat  pipe.  The 
heat-pipe  component  of  the  switch  would 
transfer  heat  from  a  heat  source  to  a  heat 
sink  when  its  reservoir  of  noncondensable 
gas  is  cold.  The  heat  pipe  would  not  trans- 
fer heat  (i.e,  would  turn  off)  when  the  reser- 
voir is  hot.  The  pipe  would  alternate  be- 
tween on  and  off  at  a  rate  determined  by 
thermal  resistance  and  capacitance  ele- 
ments attached  to  it,  to  the  heat  sink,  and 
to  the  reservoir.  The  thermal  lags  caused 
by  the  thermal  resistors  and  capacitors 
would  keep  the  variations  of  temperature 
of  the  heat  pipe  out  of  phase  with  those 
of  the  reservoir,  thereby  sustaining  the  tem- 
perature oscillations  and  providing  regu- 
lar on/off  thermal  switching. 

At  the  beginning  of  a  cycle,  a  relatively 
large  volume  of  the  noncondensable  gas 
would  separate  the  liquid  and  vapor  in  the 
heat  pipe  from  the  heat  sink,  decoupling 
the  pipe  thermally  from  the  sink  (see  figure). 
In  this  state,  thermal  capacitor  1  and  the 
gas  reservoir  would  be  transiting  from  hot 
to  cold.  Then  energy  from  the  heat  sink 


would  raise  the  temperature  of  the  heat 
pipe.  The  vapor  in  the  pipe  would  then 
move  into  the  cold  end,  forcing  the  non- 
condensable gas  into  the  reservoir.  Upon 
making  contact  with  the  cold  end,  the 
vapor  would  transfer  heat  from  the  source 
to  the  sink. 

At  this  time,  the  thermal  path  to  thermal 
capacitor  1  would  be  exposed  to  the  hot 
liquid  and  vapor.  Heat  would  flow  from  the 
pipe  through  thermal  resistor  Rn  into  ther- 
mal capacitor  1  (Cn),  raising  its  tempera- 
ture. Heat  would  flow  from  this  thermal  ca- 
pacitor through  thermal  resistor  Rt3,  rais- 
ing the  temperature  of  the  reservoir  and 
its  thermal  capacitor  Ct2.  Rt3  and  Ct2 
would  be  chosen  so  that  the  reservoir 
would  start  to  heat  only  when  the  tem- 
perature of  capacitor  1  approached  that 
of  the  pipe. 

As  the  reservoir  is  heated  up,  it  would 
drive  gas  into  the  heat  pipe,  forcing  the  gas 


front  away  from  the  cold  end.  Eventually, 
the  front  would  push  the  vapor  away  from 
the  sink,  and  the  pipe  would  turn  off;  that 
is,  heat  would  no  longer  flow  from  the  pipe 
to  the  sink  or  to  capacitor  1.  Capacitor  1 
would  start  to  cool  down  by  transferring 
heat  through  Rt2  to  the  heat  sink.  Again, 
Rt3  and  Ct2  would  be  large  enough  so  that 
the  reservoir  would  start  to  cool  only  when 
the  temperature  of  capacitor  1  approached 
that  of  the  heat  sink.  The  system  would 
then  be  in  the  initial  condition,  and  the  cy- 
cle would  repeat.  A  difference  of  50  °C  or 
more  between  the  temperatures  of  the 
source  and  sink  should  be  adequate  to  sus- 
tain the  oscillations. 

This  work  was  done  by  S.  Walter  Petrick 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  NP0-17125/TN 
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When  the  Gas  Front 

is  at  its  far  left  excur- 
sion, no  heat  would 
flow  from  the  heat 
pipe  in  the  heat  sink; 
that  is,  the  switch 
would  be  off.  When 
the  gas  front  recedes 
to  the  far  right,  heat 
would  flow  from  the 
pipe  to  the  heat  sink; 
that  is,  the  switch 
would  be  on.  The 
thermal  resistors  and 
thermal  capacitors 
would  produce  ther- 
mal lags  in  heating 
and  cooling  of  the  gas  reservoir,  thereby  restarting  a  new  on/off  cycle  as  soon  as  one  ends. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


463 


IWNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

NASA's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Statistical  Partial  Calibration  of  Polarimetric  SAR  Imagery 

Statistical  properties  of  the  backscatter  can  be  used  to  compensate  for 
cross-polarization  in  the  antennas. 


A  mathematical  technique  for  the  partial 
calibration  of  quadpolarization  synthetic- 
aperture-radar  (SAR)  image  data  makes  it 
possible  to  remove  partially  those  contam- 
inating cross-polarization  effects  (crosstalk) 
that  arise  in  the  antenna(s)  and/or  other 
transmitting  and  receiving  channels.  [Quad- 
polarization  data  are  complex-number  rep- 
resentations of  the  amplitudes  and  phases 
of  the  horizontally  and  vertically  polarized 
transmitted  and  received  (backscattered) 
signals  and  the  relationships  (including 
cross-polarization  effects)  between  them]. 
Therefore,  the  quadpolarization  data  proc- 
essed with  the  help  of  this  technique  bet- 
ter approximate  the  backscattering  prop- 
erties of  the  target  area.  Furthermore,  if 
corner  reflectors  or  other  known  discrete 
radar  targets  are  placed  in  the  target  area, 
all  of  the  data  channels  can  be  calibrated 
both  relatively  to  each  other  and  absolutely. 

The  technique  relies  on  the  following  two 
major  simplifying  assumptions  about  natur- 
al radar  targets:  (1)  the  cross-polarized  re- 
turns from  them  are  reciprocal  (the  ma- 
trices that  describe  their  backscattering 
properties  are  symmetrical);  (2)  for  a  given 
polarization  of  the  transmitted  signal,  the 
like-  and  cross-polarized  components  of  the 
backscatter,  integrated  over  the  areas  of 
extended,  azimuthally  symmetrical  targets, 
are  not  correlated  with  each  other.  The 
technique  also  relies  on  some  linearizing 
approximations  that  are  based  on  the  fol- 
lowing additional  assumptions:  (1)  the 
transmitting  and  receiving  crosstalk  pa- 
rameters are  all  smaller  than  -10  dB;  (2) 
the  cross-polarized  target  backscatter  pa- 
rameter is  at  least  5  dB  below  the  like-polar- 
ized target  backscatter  parameters,  but  not 
below  the  noise  level;  (3)  the  cross-cor- 
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The  Polarization  Signature  of  an  Ideal  Trihedral  Corner  Reflector  has  a  simple  form, 
represented  by  the  scattering  matrix         .. 

(o  1/ 
that  can  be  used  in  the  calibration  of  a  polarimetric  SAR  system. 


relation  between  the  like-polarized  target 
backscatter  parameters  is  at  least  10  dB 
below  the  smaller  of  them. 

The  equations  that  result  from  these  as- 
sumptions are  combined  into  an  iterative 
algorithm  that  processes  the  raw  quadpo- 
larization data  into  approximations  of  the 
transmitting  and  receiving  cross-polariza- 
tion matrices.  These  matrices  can  then  be 
inverted  to  recover  an  approximation  of  the 
target  scattering  matrix  from  the  crosstalk- 
contaminated  quadpolarization  data. 

The  backscatter  from  a  trihedral  corner 
reflector  (see  figure)  is  describable  by  known 
equations  that  can  be  used  in  conjunction 


with  the  iterative  algorithm  to  obtain  a  rela- 
tive polarimetric  calibration  of  the  complete 
transmitting,  receiving,  and  signal-proc- 
essing system.  This  calibration  is  valid  at 
the  look  angle  of  the  reflector  and  is  near- 
ly complete  except  for  an  ambiguity  in  the 
relative  sign  of  the  like-  and  cross-polarized 
components.  If,  in  addition,  the  cross  sec- 
tion of  the  reflector  is  known,  the  calibra- 
tion can  be  made  absolute  in  magnitude. 
This  work  was  done  by  Jeffrey  D.  Klein 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory 
NP0-17888/TN 
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Computer 
Software 


Sandia  National  Laboratory 

Software  Corrects  Blurring  of  Synthetic  Aperture 
Radar 


Sandia  National  Laboratories  has  developed  new 
computer  software  that  provides  automatic  focusing  of 
images  captured  by  synthetic  aperture  radar  (SAR). 

SAR  is  a  technology  that  uses  continuous  microwave 
pulses  from  an  aircraft  to  produce  images,  somewhat  in 
the  manner  a  camera  uses  lightwaves  to  produce  a 
photograph.  The  aircraft  transmits  and  receives  coher- 
ent broadband  radio  frequency  signals  that  are  stored, 
combined,  and  processed  by  computer  to  synthesize  a 
large  aperture,  which  is  then  focused  to  produce  a 
high-resolution  terrain  image.  It  can  produce  images  in 
daylight  and  darkness  and  in  all  types  of  weather 
conditions. 

SAR  has  military  and  industrial  uses  ranging  from 
reconnaissance  to  earth  resource  management.  Auto- 
matic focusing  of  SAR  images  especially  important  in 
applications  that  require  fine  detail. 

The  software  developed  by  Sandia  researchers  pro- 
vides phase  correction  to  automatically  focus  images. 
Without  this  new  method,  the  images  obtained  from 
SAR  could  be  severely  blurred. 


The  software  was  developed  by  Charles  Jakowatz  Jr. 
and  Paul  Eichel  of  Sandia's  Systems  Research  Depart- 
ment and  Dennis  Ghiglia  of  Sandia's  Mathematics  and 
Computational  Science  Department.  A  patent  has  been 
issued  to  the  Department  of  Energy,  and  the  software  is 
currently  being  used  by  the  U.S.  government  for  radar 
reconnaissance. 

The  quality  of  SAR  images  can  be  drastically  re- 
duced by  phase  distortions  caused  by  errors  in  the 
aircraft's  position  or  electromagnetic  propagation  effects 
of  turbulence  in  the  troposphere.  Using  repeated  blur 
patterns  in  the  image  data,  the  phase  gradient  autofocus 
program  determines  the  aircraft  position  errors  that 
cause  the  blurring.  Once  these  error  are  known,  the 
image  is  reformed  without  blurs. 

"The  phase  gradient  autofocus  algorithm  is  the  first 
significant  advance  in  robust  automatic  focusing  since 
the  advent  of  SAR,"  Jakowatz  explains.  "The  previous 
methods  of  obtaining  well  focused  SAR  images  required 
a  combination  of  manual  intervention,  a  model  of  the 
phase  error,  and  special  scene  content,  none  of  which  are 


Synthetic  aperture  radar  (SAR)  images  of  Sandia  solar  central  receiver  facility  with  large  array  of  heliostats.  Left,  severely 
blurred  image  before  compensation  for  aircraft  motion.  Right,  the  same  image  after  seven  iterations  using  new  Sandia 
phase-correction  algorithm.  The  array  of  heliostats  and  the  radar  shadow  of  the  central  receiver  are  evident. 
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required  with  the  phase  gradient  autofocus  method." 

In  September,  the  software  was  named  one  of  the 
1990  winners  of  the  R&D  100  Award  given  by  Research 
&  Development  magazine  to  the  "100  most  significant 
new  technical  products"  of  the  previous  year.  The  inter- 
national competition  covers  any  product,  material,  pro- 
cess, software,  program,  or  system  of  scientific  or  tech- 
nical origin  or  design.  □ 
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Technology  Application 


Sandia  National  Laboratory 


Simple  Test  Method  Assesses  Integrated  Circuit 
Reliability 


Sandia  National  Laboratories  is  transferring  to  in- 
dustry a  relatively  simple  but  extremely  effective  testing 
method  to  improve  the  reliability  of  integrated  circuits. 
The  technique,  developed  by  Sandia  over  the  past  two 
decades,  uses  a  circuit's  resting  current  as  a  gauge  of  its 
reliability. 

Testing  of  integrated  circuits — silicon  chips — is  of 
vital  economic  importance  to  the  microelectronics  indus- 
try because  the  costs  of  repairing  defects  burgeon  if  they 
move  undetected  through  the  production  cycle  of  design 
verification,  mask  making,  wafer  fabrication,  packaging, 
system  fabrication,  and  field  installation. 

Traditionally,  integrated  circuits  have  been  tested 
using  a  long  series  of  electrical  input  test  patterns,  based 
upon  either  an  empirical  functional  test  method  or  a 
structured  approach  using  a  simplified  fault  model. 
After  each  test  pattern,  the  output  signals  are  interro- 
gated to  make  sure  they  have  the  correct  logical  state.  If 
not,  then  it  is  assumed  that  failure  has  occurred  some- 
where in  the  chip.  However,  it  has  been  found  that 
integrated  circuits  that  function  "properly"  during  these 
tests  may  have  defects  that  cause  failure  during  cus- 
tomer use.  The  observation  of  many  types  of  failures 
depends  upon  the  sequence  of  input  patterns  so  that  a 
simple  functional  or  fault  test  pattern  is  insufficient  to 
assure  achieving  high  reliability  chips. 

Testing  has  become  difficult 

In  the  early  days  of  integrated  circuits,  testing  was 
simpler  because  integrated  circuits  were  simpler.  But 
logic  response  methods  became  less  reliable  as  more 
gates  (voltage-controlled  on-off  switches)  were  added  to 
each  chip.  Test  vectors  and  testing  time  increased  in 
proportion  to  the  additional  gates,  which  today  may 
number  more  than  10,000  per  chip. 

"Logic  response  testing  is  essentially  design  verifica- 
tion," explains  Jerry  Soden,  a  Sandia  electrical  engineer. 
"It  will  show  that  a  properly  fabricated  integrated  circuit 
will  do  the  job  it  was  designed  to  do,  but  it  cannot  be 
relied  upon  to  find  errors  in  improperly  fabricated 
integrated  circuits." 

These  errors,  which  may  cause  short  or  open  circuits 
to  the  power  supply,  can  have  numerous  causes,  includ- 
ing metal  cracks,  mask  defects,  or  particulate  contami- 
nation. All  of  these  fabrication  errors  can  have  disas- 
trous consequences  when  they  occur  in  integrated 
circuits  installed  in  systems  requiring  extremely  high 
reliability. 


In  the  mid  1970s,  Sandia  began  designing  and  fab- 
ricating CMOS  (complementary  metal  oxide  semicon- 
ductor) integrated  circuits  for  high-reliability  applica- 
tions such  as  satellites,  space  probes,  and  nuclear 
weapons.  To  evaluate  the  reliability  of  the  circuits, 
Soden  and  other  Sandia  engineers  began  using  an  im- 
proved technique  that  gives  100  percent  fault  coverage 
with  many  fewer  test  patterns  and  much  simpler  com- 
puter effort  than  the  logic  response  method. 

The  new  testing  method  identified  defective  chips 
by  measuring  their  quiescent  power  supply  circuit.  This 
is  simply  the  level  of  current  through  a  chip  in  its  resting 
state  when  no  switching  voltage  is  applied  to  the  gate 
inputs.  In  CMOS  integrated  circuits,  this  current  is 
extremely  low — typically  less  than  10  nanoamperes  for 
all  logic  states.  This  characteristic  was  a  major  factor  in 
CMOS  becoming  the  dominant  integrated  circuit  tech- 
nology since  a  low-current  chip  is  ideally  suited  for 
power-limited  applications  such  as  watches  and  hand- 
held calculators. 

Detects  anomalous  resting  current 

While  the  current  is  low  in  all  logic  states  of  a  good 
CMOS  chip,  a  defective  chip  will  have  a  greatly  in- 
creased resting  current  in  at  least  one  of  its  logic  states. 
It  is  this  higher  current  in  the  appropriate  logic  state 
that  provides  direct  identification  of  the  defective  chip, 
Soden  says. 

"Sometimes  the  higher  current  may  be  enough  to 
cause  the  chip  to  malfunction,"  explains  Soden.  "But 
often  it  is  not  enough  to  affect  the  output,  yet  a  chip 
registering  a  high  resting  current  still  should  be  consid- 
ered defective  because  the  excessive  current  can  lead  to 
premature  battery  failure  or  malfunction  in  the  custom- 
er's system." 

Soden  says  engineers  had  known  that  excessive 
current  was  symptomatic  of  integrated  circuit  abnormal- 
ity since  the  early  1960s,  but  converting  this  knowledge 
to  a  testing  technique  did  not  begin  until  the  mid-1970s. 

"A  few  other  companies  have  worked  with  measuring 
resting  current  as  a  way  to  test  ICs,  but  none  have  used 
it  as  extensively  and  have  built  up  as  much  information 
as  we  have,"  Soden  says.  "Sandia  has  used  the  technique 
continually  as  a  measuring  technique  virtually  from  the 
time  the  Labs  began  making  integrated  circuits  and  is 
now  using  it  for  achieving  zero-defect  goals  and  100 
percent  fault  coverage." 
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In  the  mid-1980s,  Sandia  began  a  joint  research 
project  with  the. University  of  New  Mexico  to  study  the 
electrical  effects  produced  by  physical  defects  in  CMOS 
integrated  circuits  and  to  refine  methods  of  testing 
resting  current.  Sandia  also  is  working  with  AT&T's 
Engineering  Research  Center  in  Princeton,  N.J.,  to 
investigate  computer-aided  design  (CAD)  software  tools 
for  the  resting  current  test  program. 

In  response  to  interest  from  both  domestic  and 
foreign  manufacturers  in  this  type  of  testing,  Sandia 
developed  a  short  course  on  how  to  improve  quality  by 
identifying  all  defects.  The  course  has  been  given  in 
recent  months  to  requesting  companies  such  as  Hewlett- 
Packard,  Ford  Microelectronics,  and  LSI  Logic. 

Soden  was  assisted  by  Charles  Hawkins  of  the 
University  of  New  Mexico  and  by  Sandia  colleagues 
Ronald  Fritzemeier  and  Keith  Treece  in  researching  the 
testing  method  and  in  developing  the  literature  and 
lecture  on  its  use. 

The  resting  current  testing  method  is  attractive  to 
the  microelectronics  industry  because  it  is  both  simple 


The  resting  current  testing  method  is  attractive  to 
the  microelectronics  industry  because  it  is  both  simple 
and  reliable.  Resting  current  testing  usually  has  a  100 
percent  detection  rate,  but  traditional  functional  testing 
often  misses  as  much  as  50  percent  of  the  integrated 
circuits  with  internal  physical  defects.  The  resting  cur- 
rent method  also  requires  fewer  test  vectors  and  much 
simpler  computer  software  than  the  logic  response 
method.  Fault  simulation  for  resting  current  also  is 
much  simpler  since  tests  can  be  done  with  a  single  good 
machine  logic  simulation  rather  than  the  more  complex 
algorithm  required  for  logic  response  test  vectors.         d 
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Technology  Application 


Lawrence  Berkeley  Laboratory 

High-Temperature  Superconductors  Used  in  Infrared 
Detectors 

Instruments  that  utilize  high-temperature  superconducting  materials  to  detect  very  faint  infrared  light  are  being 
developed  by  scientists  at  the  Lawrence  Berkeley  Laboratory  (LBL)  in  collaboration  with  the  start-up  company 
Conductus  Inc.  of  Sunnyvale,  California. 

The  instruments  are  bolometers  -  a  general  term  for  devices  that  convert  electromagnetic  radiation  (photons)  into 
heat  and  detect  the  results  as  a  temperature  change.  Bolometers  made  out  of  superconducting  materials  are 
maintained  just  at  the  temperature  of  the  superconducting  transition;  as  they  absorb  photons,  they  heat  up  and  begin 
to  lose  their  superconductivity,  a  loss  that  is  easily  detected. 

Two  different  approaches  to  high-temperature  superconducting  bolometer  design  were  reported  by  research  team 
leader  Paul  Richards  at  the  1990  Applied  Superconductivity  Conference,  held  recently  in  Snowmass,  Colorado, 
and  have  been  described  in  the  journal  Applied  Physics  Letters.  Richards  is  a  faculty  senior  scientist  at  LBL  and  a 
professor  in  the  Department  of  Physics  at  the  University  of  California,  Berkeley. 

In  recent  tests,  the  bolometers  made  in  Richards'  group  performed  up  to  a  thousand  times  (three  orders  of 
magnitude)  better  than  high-temperature  superconducting  bolometers  reported  earlier  by  other  groups,  and  they 
were  clearly  superior  to  commercial  room-temperature  detectors. 

Bolometers  based  on  high-temperature  superconducting  materials  and  cooled  with  liquid  nitrogen  could  have  a 
wealth  of  applications,  from  planetary  science  to  materials  development  and  medicine.  For  example,  they  could  be 
used  in  the  infrared  spectrometers  that  are  standard  laboratory  tools  for  chemical  analysis. 

Two  types  of  superconducting  bolometers  have  been  fabricated  and  tested  at  LBL.  One  approach  involves  the 
superconducting  compound  yttrium-barium-  copper-oxide  (YBCO)  in  a  thin  film  deposited  epitaxially  (that  is,  with 
aligned  crystal  structures)  on  a  20-micrometer-thick  substrate  of  sapphire  (aluminum  oxide),  with  a  layer  of 
colloidal  gold  black  as  a  radiation  absorber.  This  approach  was  reported  by  Richards  in  collaboration  with 
Simon  Verghese  of  LBL  and  Kukrin  Char  and  Scott  A.  Sachtjen  of  Conductus. 

The  other  design  utilizes  a  lithographed  antenna  to  couple  the  radiation  to  a  superconducting  YBCO  film  that  is 
much  smaller  than  the  wavelength  to  be  measured.  The  film,  which  is  deposited  on  yttria-stabilized  zirconia,  acts 
as  a  resistor  that  converts  incoming  photons  into  heat  and  also  as  a  thermometer  that  measures  the  resulting 
temperature  rise.  Potentially,  this  design  can  be  100  times  more  sensitive  than  the  pyroelectric  infrared  detectors, 
as  well  as  being  mechanically  stronger,  more  easily  fabricated,  and  much  faster.  This  approach  is  being  pursued  by 
Richards  with  co-workers  Mike  Nahum  of  LBL,  Qing  Hu  (now  at  MIT),  and  Sachtjen,  Nate  Newman,  and  Brady  F. 
Cole  of  Conductus. 

The  bolometer  development  program  involves  a  close  collaboration  between  research  scientists  at  LBL  and  applied 
scientists  at  Conductus  Inc.  Conductus  supplies  the  LBL  group  with  high-quality  YBCO  high-temperature 
superconducting  films  grown  on  crystalline  substrates  like  sapphire,  silicon,  and  zirconia.  These  films  have  very 
narrow  and  clearly  defined  superconducung  transitions  and  low  electric  noise,  making  them  suitable  for  use  in 
electronic  devices.  The  LBL  team  then  uses  these  materials  to  fabricate  and  test  various  bolometer  designs,  with 
additional  help  from  Conductus  in  device  processing. 

FOR  ADDITIONAL  INFORMATION:  Public  Information  Department,  ATTN:  Lynn  Yarris,  Lawrence  Berkeley 
Laboratory,  Berkeley,  CA  94720;  Telephone  (415)486-5375. 
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0468  Should  PCB  Transformers  Be  Replaced  or  Retrofilled 

0469  Two-Phase  Bidirectional  Heat  Exchanger— A  unit  links  two  liquid-and- 
vapor  loops  such  as  heat  pipes. 

0470  V-Grooved  GaAs  Solar  Cell — Greater  optical  coupling  provides  more 
conversion  of  light  to  electricity. 
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Should  PCB  Transformers  Be  Replaced  or  Retrofilled? 


The  use  of  polychlorinated 
biphenyl  (PCB)  fluids  in 
transformers  is  an  unacceptable 
risk  because  of  the  health,  safety, 
and  environmental  hazards 
associated  with  PCB  spills  or 
transformer  fires.    Because  of  this 
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Figure  2  Replacement/retrofill  initial  decision  tree 


hazard,  the  Navy  has  implemented 
an  aggressive  program  to  replace 
or  retrofill  all  their  PCB 
transformers.  As  part  of  this 
program,  the  Naval  Civil 
Engineering  Laboratory  (NCEL), 
Port  Hueneme,  California,  has 
developed  a  simple  screening 
process  (Figure  2)  to  aid  in 
determining  the  best  approach  for 
individual  circumstances. 

Even  though  some  PCB 
transformers  cannot  be  retrofilled, 
direct  replacement  of  all  PCB 
transformers  at  any  activity  may 
not  be  the  best  option  to  pursue 
because  of  the  long  lead  times  and 
capital  cost  required  for  the 
purchase  of  new  units.  A  combined 
approach  of  replacement  and 
retrofilling  can  be  a  faster  and 
more  economical  PCB  risk- 
reduction  strategy.  Potential 
benefits  of  a  combined  program 
include  lower  overall  costs  and 
salvaging  of  the  useful  life  of  new 
transformers. 

In  developing  a  PCB 
elimination  program,  special 
attention  should  be  paid  to  the 
redesign  of  the  power  grid  and  to 
whether  replacement,  retrofill,  or 
networking  of  transformers  would 
produce  a  more  efficient  electrical 
distribution  system. 

For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

CodeE211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  150602/TN 
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MASATech  Brief 

National  Aeronautics  and 
Space  Administration 

Goddard  Space  Flight  Center,  Greenbelt,  Maryland 


Two-Phase  Bidirectional  Heat  Exchanger 

A  unit  links  two  liquid-and-vapor  loops  such  as  heat  pipes. 


A  heat  exchanger  transfers  heat  from 
one  two-phase  thermal  loop  to  another.  It 
condenses  the  vapor  in  one  loop  while 
evaporating  the  liquid  in  the  other.  It  trans- 
fers heat  with  very  small  drops  in  tempera- 
ture and  pressure,  and  thus  efficiently  joins 
heat  pipes  thermally  without  mixing  of  their 
working  fluids.  Several  such  heat  exchang- 
ers can  be  used  to  build  long,  complex  mul- 
tiloop heat-control  systems. 

The  heat  exchanger  is  bidirectional:  it 
can  transfer  heat  in  reverse,  co^Hensing 
on  the  normally  evaporating  side,  and  vice 
versa.  A  heat-control  loop  that  contains 
such  a  heat  exchanger  can  thus  warm 
equipment  that  it  normally  cools,  when 
necessary,  without  using  an  auxiliary  heat- 
er. In  reverse  transfer,  wicks  on  the  evapo- 
rating side  supply  liquid  continuously  by 
capillary  action;  a  reverse-flow  pump  is  not 
needed. 

The  heat  exchanger  is  a  tube-in-tube 
unit  with  many  parallel  legs  (see  figure).  In 
the  normal  (forward)  heat-transfer  mode, 
the  working  fluid  condenses  in  the  inner 
tubes  and  evaporates  in  the  outer  tubes.  In 
the  reverse  mode,  the  liquid  in  the  inner 


Concentric-Tube 

Heat-Exchanger 

Element 


I33v 


Isolator 
Subassembly 


Vapor  From 
Secondary  Loop" 


tubes  vaporizes  while  the  vapor  in  the  out- 
er tubes  condenses.  Polyethylene  wicks  in 
the  inner  tube  serve  three  purposes:  they 
distribute  flow  uniformly  to  the  heat- 
exchange  surfaces,  separate  vapor  from 
liquid  during  forward  transfer,  and  act  as 
the  capillary  pumps  in  the  reverse  mode. 
A  prototype  unit  uses  anhydrous  am- 
monia as  the  working  fluid.  It  transfers  up 
to  4,000  W  of  heat  between  two  two-phase 


This  Array  of  Concentric 
Tubes  transfers  heat  from  con- 
densing vapor  (in  outer  tubes) 
to  boiling  liquid  (in  inner  tubes). 
The  parallel  array  transfers 
heat  with  less  pressure  drop 
than  does  a  single  tube  of  equal 
heat-transfer  capacity. 


heat-control  loops  at  a  pressure  drop  of  on- 
ly 0.1  lb/in?  (700  Pa)  and  a  temperature 
drop  of  less  than  5  °C.  The  design  can  be 
modified  for  other  working  fluids  and  larger 
heat-transfer  rates. 

This   work   was   done   by   Edward 
Kroliczek  and  Jentung  Ku  of  OAO  Corp. 
for  Goddard  Space  Flight  Center. 
GSC-13287/TN 


( 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


( 


469 


IWNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

Lewis  Research  Center,  Cleveland,  Ohio 


V-Grooved  GaAs  Solar  Cell 

Greater  optical  coupling  provides  more  conversion  of  light  to  electricity. 


V-grooved  GaAs  solar  photovoltaic  cells 
promise  increased  optical  coupling  and, 
consequently,  greater  conversion  of  light 
into  electricity,  in  comparison  with  planar 
GaAs  cells.  The  V-groove  geometry  (see 
Figure  1)  increases  both  the  trapping  of  in- 
cident light  and  the  lengths  of  optical  paths 
in  the  cell  material.  The  net  effect  is  an  in- 
crease in  total  absorptivity,  tolerance  to 
damage  by  energetic  particles,  and  short- 
circuit  current.  These  improvements  are 
expected  to  follow  from  similar  improve- 
ments obtained  in  silicon  solar  cells  during 
recent  years. 

The  fabrication  of  a  typical  experimental 
cell  of  the  new  type  began  with  the  selec- 
tion of  a  (100)  n  +-type  wafer  of  GaAs  with 
a  carrier  concentration  of  2.8  x1018 
cm-3.  The  wafer  was  baked  in  a  horizon- 
tal, cold-wall,  sub-atmospheric-pressure 
metal-organic  chemical-vapor-deposition 
(MOCVD)  reactor  in  an  atmosphere  of  H2 
and  AsH3.  A  thin  buffer  layer  followed  by  a 
4.5-fim-thick  epitaxial  base  layer  with  n 
doping  of  2.1  x  1017cm  _  3  was  then  grown. 
The  growth  temperature  was  620  °C,  the 


ratio  of  the  number  density  of  atoms  of 
arsenic  to  that  of  gallium  was  46,  the  do- 
pant was  a  mixture  of  500  parts  per  million 
of  hydrogen  sulfide  in  ultra-high-purity  hy- 
drogen, and  the  pressure  in  the  chamber 
was100torr(133kPa). 

The  V-groove  pattern  was  established 
on  the  n  base  epilayer  by  masking  the  sur- 
face with  a  photoresist  pattern  of  parallel 
lines  4  ^m  wide  and  spaces  3  \xx\  wide, 
aligned  along  the  (01 T)  axis.  The  grooves 
were  then  formed  by  anisotropic  etching 
for  150  s  at  24  °C  in  a  solution  of 
H2S04:Hp2:H20  in  the  ratio  of  5:1:1. 

The  grooved  wafer  was  again  baked  in 
an  atmosphere  of  H2  and  AsH3.  The 
V-grooves  were  oriented  parallel  to  the 
flow  of  gas,  and  the  atmosphere  and  tem- 
perature for  growth  were  resumed  except 
that  the  dopant  was  changed  to  diethyl 
zinc.  Under  these  conditions,  the  0.1-^m- 
thick  p  emitter  layer  with  carrier  concen- 
tration of  4.2  x1018  cm  "3  was  grown  on 
the  V-grooves.  Au/Zn  contacts  were  elec- 
tron-beam-evaporated onto  the  p  emitter, 
and  Au/Ge/Ni  contacts  were  deposited 


similarly  on  the  back  of  the  substrate.  An 
antireflection  coat  of  TajOg  was  then  ap- 
plied to  the  grooves. 

Although  the  thickness  of  the  antireflec- 
tion coat  was  not  optimized  in  the  experi- 
mental grooved  cells,  the  short-circuit  cur- 
rent density  was  13  percent  above  that  of 
comparable  planar  cells.  The  quantum  effi- 
ciency of  the  new  cells  was  also  greater 
(see  Figure  2). 

This  work  was  done  by  S.  G.  Bailey,  G.  R. 
Landis,  D.  M.  Wilt,  R.  D.  Thomas,  and  A 
Arrison  of  Lewis  Research  Center  and  N. 
S.  Fatemi  of  Sverdrup  Technology,  Inc. 
Further  information  may  be  found  in  NASA 
TM-1 01970  [N89-22177],  "A  V-Grooved 
GaAs  Solar  Cell." 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)  487-4650. 
Rush  orders  may  be  placed  for  an  extra  fee 
by  calling  (800)  336-4700. 
LEW-14954/TN 


Figure  1.  The  Grooved  Photovoltaic  Cell  converts  more  of  the 
incoming  light  into  electricity  than  does  a  comparable  planar  pho- 
tovoltaic cell.  The  increase  in  energy-conversion  efficiency  is  the  result 
of  longer  optical  paths  and  greater  trapping  of  light. 
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Figure  2.  The  Quantum  Efficiencies  of  V-grooved  and  planar  GaAs 
cells  are  compared. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


470 


( 


Engineering 


0471  Novel  Solid-State  Radioluminescent  Light  Sources  Developed 

0472  Memory  Aid  Enhances  Person-Wearable  SCSR  Donning  Proficiency 

0473  New  Pulley  Block  Developed 

0474  Experiments  in  Multivariate  Adaptive  Control  of  a  Flexible  Structure— A 
six-input,  six-output  adaptive  control  system  is  successfully 
demonstrated. 

0475  Computer  Simulation  of  a  Small  Turboshaft  Engine — A  mathematical 
model  represents  performance  accurately,  in  real  time. 

0476  Faster  Algorithm  for  Computation  of  Incompressible  Flow — An  artificial- 
compressibility  method  and  an  upwind-differencing  scheme  are 
combined. 

0477  High-Resolution  Computations  of  Hypersonic  Flows — The  enhancement 
of  stability  and  the  rate  of  convergence  is  discussed. 

0478  Nonazeotropic  Heat  Pump — Waste  heat  from  the  motor  is  also 
recovered.  (Licensing  Opportunity) 

0479  Quick- Actuating  Closure  and  Handling  System — A  device  facilitates 
entry  into  containers  and  high-pressure  vessels.  (Licensing  Opportunity) 

0480  Regenerative  Sorption  Refrigerator — The  combination  of  two  types  of 
sorption  compressor  increases  efficiency.  (Licensing  Opportunity) 

0481  Semiautomatic  Design  of  Zonal  Computational  Grids' — Knowledge- 
based  software  helps  reduce  the  complexity  of  fluid-dynamical 
computations. 

Software 

0482  A  Software  Development  Specification  for  Nonlinear  Structural  Analysis 
Testing  &  Instrumentation 

0483  Calibrated  Bender  Developed 

0484  Noncontact  Measurements  of  Torques  in  Shafts — Additional  information 
would  be  extracted  from  an  eddy-current  proximeter.  (Licensing 
Opportunity) 

Other  Items  of  Interest 

0468    Should  PCB  Transformers  Be  Replaced  or  Retrofilled 

0494     Hot  Oil  Removes  Wax — A  noncarcinogenic  solvent  replaces  a 
carcinogenic  one.  (Licensing  Opportunity) 

0506    Open-Section  Composite  Structural  Elements — Superior  mechanical 

properties  of  composites  may  overcome  the  inherent  instabilities  of  open 
sections. 

0508     Patent  Issued  for  'Standard  Crack'  (Licensing  Opportunity) 

051 0    Crew  System  Ergonomics  Information  Analysis  Center 


( 


W;?r'?M^M^;WSU^ 


Technology  Application 


Sandia  National  Laboratory 

Novel  Solid-State  Radioluminescent  Light  Sources 
Developed 


Novel  radioluminescent  light  sources  have  been  de- 
veloped at  Sandia  National  Laboratories.  They  have  a 
variety  of  possible  applications,  from  airport  runway  or 
emergency  lighting  to  a  new  kind  of  longterm  power 
source. 

They  might  be  useful  in  optical  computing  and 
photonics,  as  lights  on  a  space  station  to  avoid  wiring 
through  bulkheads,  or  as  power  supply  for  weapons  or 
deep  space  probes.  "We  don't  know  all  the  possible 
applications,"  says  Scott  T.  Reed,  one  of  a  team  of 
Sandia  process  engineers  and  scientists  developing  the 
technology.  "We  are  sure  others  will  come  up  with  more 
ideas." 

The  most  recent  versions  of  the  sources  are  inor- 
ganic, which  provides  advantages  of  brightness  and  long 
lifetime  without  degradation.  Others  are  organic,  and 
still  others  are  a  hybrid  between  the  two.  All  are  solid 
state,  meaning  they  contain  no  liquids  or  gases. 

The  result,  in  any  event,  is  a  "light  stick"  or  "light 
cube,"  a  glowing  piece  of  plastic  or  aerogel  that  requires 
no  electrical  power  supply  and  can  be  made  in  various 
sizes  and  shapes  and  produce  almost  any  desired  color. 

DOE  research  program 

New  kinds  of  radioluminescent  (RL)  lights  have 
been  under  development  in  a  U.S.  Department  of  En- 
ergy research  program,  generally  to  serve  needs  for 
lighting  where  no  electricity  is  readily  available,  such  as 
at  remote  landing  airstrips  and  in  emergency  lights  for 
ships  and  buildings. 

Radioluminescence — the  emission  of  light  stimu- 
lated by  radioactive  decay — is  well  known  and  widely 
employed.  Tritium-based  radioluminescent  lights,  which 
have  been  commercially  available  for  years,  are  glass 
tubes  coated  on  the  inside  with  an  inorganic  phosphor, 
filled  with  radioactive  tritium  gas,  and  sealed. 

These  conventional  light  sources  have  worked  well 
for  some  applications,  but  they  have  inherent  shortcom- 


ings. Their  brightness  is  limited  by  self-attenuation  and 
opaqueness.  The  new  tritium  technology  being  devel- 
oped at  Sandia  attempts  to  address  these  and  other 
problems. 

In  the  Sandia  lights  the  tritium  is  chemically  bound 
in  a  solid.  The  ingredients  that  create  the  light  are 
intimately  bound — dissolved  or  suspended  on  a  molec- 
ular scale  and  within  atomic  distances  of  each  other. 
Such  conditions  should,  in  principle,  enable  the  re- 
searchers to  scale  the  lights  up  to  very  high  brightnesses 
simply  by  increasing  their  thickness. 


Inorganic  RL  light  sources 

The  inorganic  lights  made  at  Sandia  can  be  about  10 
times  brighter  than  standard  commercial  (gas-filled)  RL 
lights.  This  makes  them  a  good  candidate  for  a  power 
source. 

"What's  driving  our  inorganic  program,"  says  Robert 
Walko,  one  of  the  Sandians  developing  the  inorganic  RL 
sources,  "is  the  desire  not  so  much  for  a  bright  light  itself 
but  for  a  bright  light  to  make  a  power  source."  Other 
members  of  the  inorganic  team  include  Reed,  Carol 
Ashley,  and  Jeff  Brinker. 

The  basic  idea,  is  to  create  a  very  bright  radio- 
luminescent  light,  then  surround  it  with  a  photovoltaic 
(solar  cell)  light  converter  to  make  electricity.  The  result 
is  what  the  Sandians  call  "a  glowing  sugar  cube."  Says 
Walko:  "If  you  can  get  all  the  light  out  of  a  few  cubic 
centimeters  of  that  cube  and  surround  it  with  a  few 
square  centimeters  of  semiconductor  converter,  you  can 
gain  tremendously  over  having  to  have  a  square  meter  of 
converter  material." 

"What  we're  looking  at,"  he  adds,  "is  possibly  a 
power  source  that'll  go  for  20-plus  years,  and  in  a 
considerably  smaller  volume  than  a  long-life  lithium 
battery."  Although  it  serves  the  same  role  as  a  battery, 
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the  Sandians  refer  to  it  as  a  power  source  because  it  is 
physically  driven,  not  chemically  driven. 

The  bright  light  has  already  been  demonstrated. 
"We  are  going  to  put  together  a  prototype  device  within 
the  next  year,"  says  Walko. 

The  engineering  team  has  developed  several  differ- 
ent processes  and  compositions  for  making  the  devices. 
Three  different  patent  disclosures  have  been  submitted 
for  the  inorganic  RL  sources  alone. 

In  a  typical  case  a  phosphor  such  as  zinc  sulfide  is 
dispersed  in  an  aerogel,  a  highly  porous  silica  matrix 
that  is  in  effect  a  low-density,  glass  sponge.  The  radio- 
active source,  tritium  gas,  is  incorporated  into  the 
aerogel,  where  it  becomes  chemically  bonded  to  the 
aerogel  matrix. 

Beta  particles  given  off  by  the  tritium  as  it  decays 
permeate  through  the  open  spaces  of  the  aerogel  and 
strike  the  phosphor  particles,  exciting  them  and  causing 
them  to  emit  light.  Because  the  phosphor  particles  are 
highly  dispersed  and  the  aerogel  is  very  transparent,  a 
large  fraction  of  the  light  escapes. 

By  binding  the  tritium  in  this  chemical  form,  the 
team  has  found  that  they  can  achieve  much  higher 
tritium  densities  (up  to  17  times  greater)  than  that  of 
tritium  gas  under  normal  atmospheric  temperature  and 
pressure.  This  helps  account  for  the  brightness  of  the 
light  given  off. 

While  light  from  throughout  the  volume  of  material 
escapes  to  the  outside,  the  beta  radiation  produced  by 
the  tritium  bound  inside  is  attenuated  within  the  matrix 
after  traveling  only  microscopic  distances;  thus  no  ap- 
preciable radiation  is  emitted. 

Organic  RL  lights 

While  Walko  and  colleagues  were  developing  the 
inorganic  RL  light  sources,  a  group  led  by  Sandians 
Clifford  Renschler,  Roger  Clough,  and  Timothy  Shepodd 
(plus  John  Gill  of  the  Mound  lab  in  Ohio)  have  made  the 
world's  first  completely  organic,  optically  clear 
radioluminescent  light.  It  consists  of  a  transparent  plas- 
tic matrix  into  which  tritium  has  been  chemically  bound. 

An  organic  molecule  called  DEB  (p-di[phenyl- 
ethynyl] benzine)  is  exposed  to  tritium  gas,  and  with  the 
aid  of  a  catalyst  up  to  eight  atoms  of  tritium  can  become 
chemically  bonded  into  each  DEB  molecule.  This 
tritiated  DEB  is  dissolved  in  a  solid  organic  matrix  of 
optically  clear  styrene.  Organic  dyes  are  also  dissolved  in 
this  plastic. 

As  the  tritium  decays,  it  emits  energetic  beta  parti- 
cles that  excite  electrons  in  the  nearby  polystyrene 
molecules  in  the  matrix.  Dyes  dissolved  in  the  matrix 
red-shift  the  energy  in  steps  until  the  light  emitted  is  of 
the  final  desired  wavelength.  Orange  and  blue  lights 
have  been  produced  this  way. 


In  the  organic  RL  lights  the  tritium  is  bound  even 
more  tightly  into  the  solid  than  it  is  in  inorganic  RL 
lights,  and  this  makes  them  attractive  for  safety  con-   ■ 
cerns. 

"They  are  much  more  robust  than  the  existing  tubes, 
which  are  breakable,"  says  Renschler.  "You  could  put  a 
bullet  through  them  and  only  the  bullet  hole  itself  would 
go  dark." 

The  organic  RL  source,  like  the  inorganic  source, 
can  be  fabricated  into  various  physical  forms  more 
readily  than  conventional  gas  phase  lights.  As  with  the 
inorganic  sources,  Renschler,  Clough,  and  colleagues 
have  developed  various  alternative  schemes  for  incorpo- 
rating the  tritium  and  various  materials  for  forming  the 
matrix. 

The  problem  with  the  current  organic  versions  is 
that  they  tend  to  discolor  over  time  under  the  effects  of 
the  beta  radiation.  They  thus  lose  much  of  their  effi- 
ciency and  may  as  a  result  be  most  useful  for  shorter 
term  applications. 

Hybrid  versions 

An  organic/inorganic  hybrid  system  has  also  been 
demonstrated  that  combines  the  brightness  of  a  zinc 
sulfide  phosphor  with  the  safety  of  tritium-loaded  or- 
ganic materials. 

As  with  the  inorganic  RL  sources,  patent  disclosures 
for  the  organic  and  hybrid  sources  have  also  been  filed. 

All  this  research  is  funded  by  a  Department  of  - 
Energy  program  to  develop  new  RL  light  sources.  The  { 
researchers  caution  that  work  is  still  in  a  fairly  early 
phase.  "We  are  still  in  the  developmental  stage,  and  we 
are  proceeding  on  all  three  fronts — organic,  inorganic, 
and  hybrid,"  says  Renschler.  Each  of  the  varieties  may 
turn  out  to  be  useful  for  a  different  type  of  application. 

Although  Sandia  is  playing  a  lead  role  in  developing 
new  RL  light  technologies,  it  has  had  the  collaboration 
of  researchers  at  other  laboratories,  including  H.  M. 
Smith  at  Allied-Signal  Kansas  City  Division,  John  Gill 
and  Bob  Ellefson  at  EG&G  Mound  Applied  Technolo- 
gies, Miamisburg,  Ohio  (where  the  hybrid  system  was 
demonstrated),  Lee  Leonard  of  the  RL  program  at  DOE 
Headquarters,  Washington,  and  Andy  Tompkins,  for- 
merly of  Oak  Ridge  National  Laboratory.  d 
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Memory  Aid  Enhances  Person-Wearable  SCSR 
Donning  Proficiency 


Objective 

Improve  the  effectiveness  of  person-wearable  self- 
contained  self  rescuer  (PWSCSR)  training  by  enhancing 
the  memory  retention  of  trainees  in  proper  donning 
procedures. 

Background 

In  the  fall  of  1989,  a  total  of  185  miners  and  inspectors 
were  trained  by  Bureau  of  Mines  personnel  to  don  the 
SR-100  PWSCSR  using  the  Bureau's  3+3  method.  With 
the  exception  of  a  few  individuals,  miners  were  trained 
underground  in  an  area  set  up  within  their  working 
sections.      The  instructional   protocol  was   as  follows: 

(1)  after  placing  an  SR-100  simulator  (equipped  with  a 
cleaned  and  disinfected  mouthpiece  assembly)  on  the  mine 
floor  in  front  of  the  worker,  a  researcher  guided  him  or 
her  step-by-step  through  the  complete  donning  procedure, 

(2)  the  miner  was  required  to  perform  each  step  slowly, 
methodically,  and  correctly  while  being  talked  through  the 
sequence,  (3)  following  this  pre-practice  instruction,  the 
apparatus  was  repacked  and  the  subject  donned  the  device 
without  coaching,  while  being  evaluated,  (4)  if  an  error 
was  made,  the  worker  received  corrective  feedback,  the 
unit  was  repacked,  and  the  entire  donning  trial  was 
redone.  This  procedure  was  repeated  until  the  miner 
achieved  a  perfect  3  +  3  sequence. 

Approximately  90  days  after  training,  a  sample  of 
77  workers  from  seven  mines  was  selected  for  follow-up 


evaluations.  Just  as  with  the  initial  in-mine  training, 
researchers  set  up  a  donning  area  outby  the  face  of 
working  sections.  Following  a  short  interview  designed, 
among  other  things,  to  collect  demographic  data,  the  min- 
er was  asked  to  don  an  SR-100  simulator  as  if  he  or  she 
were  facing  an  emergency.  This  performance  was  video- 
taped and  evaluated.  For  purposes  of  assessing  donning 
proficiency,  volunteers  were  divided  into  five  categories, 
depending  on  how  well  they  performed:  (1)  Fail  -  those 
who  could  not  isolate  their  lungs,  (2)  Poor  -  those  were 
able  to  isolate  their  lungs  but  were  not  escape-worthy, 
(3)  Marginal  -  those  who  isolated  their  lungs  but  forgot 
one  or  more  of  the  donning  steps  needed  to  secure  the 
apparatus,  (4)  Adequate  -  those  who  performed  all  of  the 
donning  steps  competently  but  not  in  the  sequence  ori- 
ginally taught  them,  (5)  Perfect  -  those  who  performed  a 
perfect  3  +  3  sequence.  The  results  support  conclusions 
drawn  from  prior  Bureau  research  on  SCSR  donning  skills 
retention:  Even  with  good  initial  training,  individuals  who 
are  not  given  an  opportunity  for  repeated  practice  tend  to 
forget  quickly.  In  the  present  sample,  approximately  49% 
failed  to  get  their  lungs  isolated. 

Approach 

Design  a  simple,  inexpensive  device  that  will  allow 
mine  workers  to  mentally  practice  the  elements  of  SCSR 
donning.  This  device  is  intended  to  help  workers  maintain 
procedural  proficiency  between  hands-on  practice  sessions, 
and  could  be  used  in  a  variety  of  situations. 


PWSCSR  DONNING  PROFICIENCY 
90  DAYS  AFTER  TRAINING 


NO  TREATMENT 
(computer  selected) 


TREATMENT 
(inspectors) 


N  =  8 
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HTx^  Proficient 

Not  proficient 


N=8 


The  Bureau's  simple  memory  aid  system  for  SCSR  donning 
training  Includes  the  use  of  a  Vlewmaster  (@). 


472 


How  It  Works 

One  of  the  more  remarkable  findings  of  motor  skills 
research  deals  with  the  effect  mental  practice  has  on  con- 
crete task  performance.  Various  studies  have  shown  that 
covert  rehearsal  can  lead  to  a  large  positive  transfer  of 
skills  when  a  particular  task  is  actually  attempted.  With 
these  findings  as  a  guideline,  Bureau  personnel  constructed 
a  3-D  Viewmaster(@)  reel  depicting  a  miner  performing 
the  3  +  3  donning  sequence:  Open  and  loop;  (1)  activate 
oxygen;  (2)  insert  mouthpiece;  (3)  put  on  noseclips;  (4)  put 
on  goggles;  (5)  adjust  straps;  (6)  replace  cap.  It  was 
hypothesized  that  once  an  individual  had  learned  those 
discrete  actions  involved  in  putting  on  an  SR-100,  he  or 
she  would  benefit  from  reviewing  the  steps  by  using  a 
Viewmaster(@).  In  this  way  a  person,  once  trained,  could 
prepare  mentally  for  his  or  her  next  performance  by 
running  through  the  sequence  periodically. 

Results  of  a  Field  Trial 

Ten  state  mine  inspectors,  who  were  issued  an  SR-100 
by  their  Department,  were  trained  to  criterion  using  the 
3  +  3  donning  method.  Each  of  the  participants  was  then 
given  a  Viewmaster(@)  and  reel  showing  the  sequence  of 
steps  he/she  had  just  learned.  The  inspector  was  asked  to 
use  his/her  viewer  and  mentally  practice  the  donning 
procedure  at  a  regular  time  during  every  workday.  Ap- 
proximately 90  days  after  training,  eight  of  the  10  par- 
ticipants were  evaluated. 

In  order  to  establish  a  baseline  for  assessing  the  likeli- 
hood of  a  performance  gain  due  to  daily  mental  practice, 
the  seven-mine  sample  discussed  earlier  was  partitioned 


into  "equivalents"  (trainers,  inspectors,  and  rescue  team 
members)  and  others.  A  computer-generated  subsample 
of  eight  individuals  was  drawn  from  the  equivalent  cate- 
gory for  purposes  of  comparison  with  the  state  mine  in- 
spectors. The  pie  chart  illustrates  how  the  two  groupings 
fared  in  terms  of  proficiency  (Perfect  or  Adequate)  and 
nonproficiency  (Marginal,  Poor,  or  Fail).  The  significant 
difference  suggests  that  mental  practice  holds  much  prom- 
ise as  a  practical  and  simple  means  for  maintaining  an 
acceptable  level  of  SCSR  donning  skills  between  actual 
performance  opportunities.  Further  research  is  needed  to 
explore  this  possibility. 

Patent  Status 

The  Bureau  of  Mines  has  not  applied  for  a  patent  on  the 
new  memory  aid  concept. 

For  More  Information 

For  additional  information  or  to  participate  in  one  of  the 
Bureau's  studies  to  evaluate  the  effect  of  mental  practice 
on  SCSR  donning  proficiency,  please  contact  the  principal 
researchers  for  this  work: 

Mr.  Charles  Vaught  or  Mr.  Michael  J.  Brnich,  Jr. 

Pittsburgh  Research  Center 

U.S.  Bureau  of  Mines 

P.O.  Box  18070 

Cochrans  Mill  Road 

Pittsburgh,  PA  15236 

(412)  892-6830. 
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New  Pulley  Block  Developed 


LOCKED 
POSITION 


UNLOCKED 
POSITION 


Figure  l.T-Slot  Sheave 


The  Naval  Avionics  Center 
(NAC),  Indianapolis,  Indiana,  has 
developed  a  new  pulley  block 
concept  called  the  T-Slot  Sheave. 
The  name  is  derived  from  the 
unique  "double-slotted"  inter- 
locking fixture  halves.  The  two 
halves  rotate  around  the  pulley 
axis,  open  for  cable  removal  or 
insertion,  and  lock  into  place.  All 
parts  are  self-contained  and  cannot 
be  separated  or  lost  while  in  the 
locked  or  unlocked  position.  The 
new  pulley  block  (Figure  1)  was 
developed  primarily  for  foul 
weather  marine  use.  The 
previously  used  conventional 
pulley  block  required  cumbersome 
disassembly  and  reassembly, 
resulting  in  parts  and  wrenches 
being  lost  in  the  water,  testing 
interrupted,  and  time  lost. 

The  unique  "double-slotted" 
interlocking  design  overcomes  the 


severe  degradation  of  load  ratings 
found  in  conventional  quick- 
change  pulley  block  systems.  A 
prototype  T-Slot  Sheave  proved  to 
have  a  much  higher  load  rating 
than  other  comparable  quick- 
change  pulley  blocks. 

The  pulley  block  can  be 
produced  with  conventional 
manufacturing  technology,  using  a 
variety  of  well-known  materials 
and  in  a  wide  range  of  sizes 
without  altering  the  primary 
design  features  or  benefits. 

For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

CodeE211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  151001/TN 
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National  Aeronautics  and 
Space  Administration 


Experiments  in 
Multivariate  Adaptive 
Control  of  a 
Flexible  Structure 

A  six-input,  six-output 
adaptive  control  system  is 
successfully  demonstrated. 

A  report  describes  experiments  in  the 
use  of  a  six-input/six-output  multivariable 
adaptive  control  system  to  suppress  vibra- 
tions in  a  complicated  flexible  structure. 
This  represents  the  first  time  a  multivariable 
adaptive  control  system  of  this  size  has  ever 
been  demonstrated  experimentally  on  a 
physical  structure.  The  structure,  18.5  ft  (5.6 
m)  in  diameter,  resembles  both  an  anten- 
na and  a  large  spider  web.  It  includes  a  cir- 
cular central  hub  connected  to  12  radial 
ribs,  and  a  large  flexible  boom  that  hangs 
below  the  hub.  The  ribs  are  connected 
together  by  two  concentric  rings  of  preten- 
sioned  wi  res  that  couple  the  ci  rcumferen- 
tial  motions  of  the  ribs.  This  structure  is  in- 
tended to  exhibit  low  modal  frequencies 
and  complicated  dynamics  like  those  of 
large  structures  in  outer  space.  However, 
the  conclusions  drawn  from  this  general 
line  of  research  are  also  relevant  to  such 
applications  as  the  active  suppression  of 
wind  and  earthquake  vibrations  in  tall  build- 
ings and  other  large  terrestrial  structures. 

Collocated  sensor-and-actuator  pairs 
were  placed  at  two  stations  on  the  hub  and 
near  the  inner  end  of  each  of  the  ribs  1, 


4, 7  and  10.  The  hub  actuators  were  linear 
force  actuators  that  applied  torque  to  the 
hub  by  pushing  on  its  circumference.  The 
hub  sensors  were  rotary  variable-differen- 
tial transformers  that  measured  the  rotary 
vibrations  of  the  hub.  The  rib  actuators  were 
solenoid-based  actuators  that  provided 
torque  by  reacting  against  mounts  on  the 
hub.  The  rib  sensors  were  linear  variable- 
differential  transformers  that  measured  cir- 
cumferential displacements  of  the  ribs. 

In  a  previous  series  of  experiments  on 
the  same  structure,  only  two  collocated 
sensor-and-actuator  pairs  were  installed  — 
both  on  the  hub.  In  that  two-input/two-out- 
put system,  the  dynamics  of  the  system 
were  thus  intentionally  limited  to  the  "boom- 
dish"  vibrational  modes  that  could  be  ob- 
served and  controlled  from  the  hub.  In  the 
experiments  described  in  this  report,  the 
six-input/six-output  system  added  the  pure 
"dish"  vibrational  modes  to  those  that  are 
both  observable  and  controllable,  thereby 
enriching  the  dynamics  of  the  system  and 
extending  control  authority  over  a  larger  do- 
main of  the  structure. 

The  adaptive-control  algorithm  was  de- 


veloped to  control  the  first  4  boom-dish 
modes  and  the  first  12  dish  modes  of  the 
structure  as  defined  by  a  finite-element 
model  of  its  dynamics.  In  implementing  the 
control  scheme,  the  researchers  en- 
countered some  practical  difficulties  stem- 
ming from  the  use  of  a  Kalman  filter  to  proc- 
ess angular-position  measurements  into 
angular  vibrational  speeds  and  from  as- 
sociated problems  of  limited  computational 
power  and  sampling  rates.  Manual  adjust- 
ment of  the  filter  bandwidths  and  gain 
weightings  proved  to  be  necessary  to  pro- 
vide stable  closed-loop  adaptive  control 
and  to  optimize  the  adaptive  performance. 
Nevertheless,  the  researchers  conclude 
that  the  six-input/six-output  control  system 
represents  a  significant  upgrade  relative 
to  the  two-input/two-output  system,  yielding 
a  significant  improvement  in  spatial  con- 
trollability and  effective  damping  of  a  largest 
set  of  modes. 

This  work  was  done  by  Che-Hang  C.  Ih, 
David  S.  Bayard,  Asif  Ahmed,  and  Shyh 
J.  Wang  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory. 
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Computer  Simulation  of  a  Small  Turboshaft  Engine 

A  mathematical  model  represents  performance  accurately,  in  real  time. 


0 


A  component-type  mathematical  model 
of  a  small  turboshaft  engine  has  been 
developed  for  use  in  real-time  computer 
simulations  of  the  dynamics  of  helicopter 
flight.  The  model  yields  shaft  speeds, 
torques,  fuel-consumption  rates,  and  other 
operating  parameters  with  sufficient  ac- 
curacy for  use  in  the  real-time  simulation  of 
maneuvers  that  involve  large  transients  in 
power  and/or  severe  accelerations. 

The  model  represents  the  engine  (in- 
cluding its  control  system)  used  in  the  UH- 
60A  Black  Hawk  helicopter.  This  is  a  free- 
turbine  (two-shaft)  engine  that  includes  a 
compressor  (on  the  outer  shaft),  a  com- 
bustor,  a  gas-generator  turbine  (also  on  the 
outer  shaft),  and  a  power  turbine  (on  the  in- 
ner shaft).  These  four  major  components 
are  separated  by  fluid-mixing  volumes, 
each  of  which  is  associated  with  flow  pas- 
sages wherein  the  thermodynamic  states 
re  quantifiable. 

The  figure  illustrates  the  major  com- 
ponents and  locations,  or  stations,  where 
thermodynamic  states  of  the  gas  must  be 
modeled.  The  six  compressor  stages  and 
variable-geometry  flow  vanes  are  repre- 
sented with  the  compressor  component, 
between  stations  2  and  3.  Bleed  flow, 
which  is  used  to  pressurize  seals  and  bal- 
ance the  power  turbine,  is  extracted  from 
the  fourth  stage  of  the  compressor,  which 
is  represented  by  station  2.4.  Station  3  is 
the  diffuser,  or  outlet  of  the  compressor. 
Flow  is  bled  at  this  point  to  cool  the  com- 
bustor  and  gas-generator  turbine.  Station 
3.1  is  the  combustor,  and  station  4.1  is  the 
mixing  volume  representing  the  combus- 
tor outlet  and  gas-generator-turbine  inlet. 
The  two  stages  of  the  gas-generator  tur- 
bine are  modeled  by  the  generator-turbine 
component.  Station  4.4  represents  the 
thermodynamic  state  of  output  gases 
passing  through  this  turbine,  not  including 
the  effects  of  the  cooling  bleed  flow.  These 
effects  are  added  at  station  4.5,  which  rep- 
resents the  inlet  of  the  power  turbine.  The 
two-stage  power  turbine  is  represented  by 
the  power-turbine  component.  Station  4.9 
^s  the  outlet  of  the  power  turbine,  and  sta- 
«xi  9  is  the  exhaust. 

The  state  of  the  gas  in  each  control 
volume  is  expressed  in  terms  of  pressure, 
temperature,  and  flow  of  mass.  The  states 
are  determined  as  functions  of  transfer  of 


The  Mathematical  Model  of  the  Turboshaft  Engine  represents  the  behavior  of  the  four  major 
components  labeled  at  the  bottom  and  the  thermodynamic  conditions  in  the  gases  in  the 
control  volumes  at  stations  designated  by  numbers  at  the  top. 


energy  across  each  component.  Equations 
describe  each  component  in  terms  of  the 
state  of  the  component,  thermodynamic 
states  upstream  and  downstream  of  the 
component,  energy  applied  to  or  taken 
from  the  component,  and  efficiencies  of 
transfer  of  energy.  Conservation  of  mass  is 
given  component  to  its  moment  of  inertia 
and  the  applied  torque.  A  load  from  an  ex- 
ternal source  is  required  to  determine  the 
speed  of  the  power  turbine  and  output 
shaft.  Losses  associated  with  fluid-dy- 
namic or  mechanical  processes  are  repre- 
sented by  single-variable  or  multivariate 
functions  based  on  previously  derived  or 
empirical  data.  Inputs  consist  of  ambient 
temperature  and  pressure  at  the  inlet, 
pressure  at  the  exhaust,  fuel  flow,  and  load 
torque. 

The  accurate  simulation  of  transient 
response  requires  the  modeling  of  nonadi- 
abatic  processes  in  regions  where  large 
gradients  of  temperature  give  rise  to 
transfers  of  heat  between  the  hot  gases 
and  the  metal  components,  especially 
downstream  of  the  combustor.  This  heat- 
sink  effect  is  modeled  by  lumped-parame- 
ter heat-transfer  equations. 

To  model  the  high-frequency  dynamics 
of  the  helicopter  in  real  time  without  ex- 
cessive computation,  it  is  necessary  to 


make  some  simplifying  assumptions.  One 
of  the  most  important  is  that  the  pressure 
and  flow  of  mass  within  each  mixing  vol- 
ume remains  at  equilibrium  at  all  times; 
that  is,  the  dynamics  associated  with 
changes  in  the  state  of  the  gas  in  each 
such  volume  are  characterized  by  fre- 
quencies far  above  those  of  interest  in  the 
simulation. 

The  validity  of  the  model  has  been  dem- 
onstrated by  comparison  with  data  sup- 
plied by  the  manufacturer  of  the  engine 
and  by  data  from  independent  tests,  in- 
cluding flight  tests.  The  model  was  found  to 
simulate  performance  adequately  over  the 
complete  range  of  operating  conditions. 
The  modeling  of  the  fast  dynamics  that 
represents  the  changes  of  flow  between 
control  volumes  was  found  to  be  unneces- 
sary. However,  it  was  found  necessary  to 
add  elements  to  the  model  that  represent 
the  transfer  of  heat,  the  losses  between  the 
outlet  of  the  power  turbine  and  the  ex- 
haust, damping  of  the  speed  of  the  power 
turbine,  and  the  dynamics  and  nonlinean- 
ties  of  sensors  and  actuators. 

This  work  was  done  by  Mark  G.  Ballin  of 
Ames  Research  Center.  Further  informa- 
tion may  be  found  in  NASA  TM-100991 
[N 88-26378],  "A  High  Fidelity  Real-Time 
Simulation  of  a  Small  Turboshaft  Engine." 
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Faster  Algorithm  for  Computation  of  Incompressible  Flow 

An  artificial-compressibility  method  and  an  upwind-differencing  scheme  are  combined. 


An  improved  algorithm  yields  faster  nu- 
merical solutions  of  the  Navier-Stokes 
equations  of  steady  or  unsteady  three-di- 
mensional flow  of  an  incompressible  fluid. 
Like  some  previous  algorithms  for  incom- 
pressible flow,  this  one  is  based  on  the 
method  of  artificial  compressibility.  Unlike 
in  a  compressible  flow,  a  disturbance  at 
one  point  in  an  incompressible  flow  affects 
the  flow  at  every  other  point  simultaneous- 
ly, making  it  necessary  for  any  algorithm 
that  simulates  the  flow  to  propagate  infor- 
mation through  the  entire  flow  field  dur- 
ing each  time  step.  In  the  artificial-com- 
pressibility method,  an  unsteady  flow  is 
treated  as  incompressible  in  advancing 
from  one  time  step  to  the  next,  but  at  each 
time  step  (or  in  the  steady  state),  the  fluid 
is  treated  as  having  a  variable  compres- 
sibility that  enables  the  propagation  of  the 
'flow  field,  and  subiterations  are  performed 
in  increments  of  pseudotime  until  the  ef- 
fects of  compressibility  subside.  One  prin- 
cipal computational  advantage  of  artificial 
compressibility  is  that  it  directly  couples 
the  pressure  and  velocity  fields  at  the 
same  time  step  and  converts  the  elliptic 
incompressible  Navier-Stokes  equations 
to  a  hyperbolic  form  that  is  more  amenable 
to  numerical  integration. 

The  present  algorithm  incorporates  a 
higher-order  flux-difference-splitting  numer- 
ical-integration scheme  for  the  convective 
terms  and  a  second-order  central-differ- 
ence numerical-integration  scheme  for  the 
viscous  terms.  The  use  of  upwind  differ- 
encing makes  the  resulting  system  of  equa- 
tions diagonally  dominant.  The  equations 
are  solved  with  a  line-relaxation  scheme 
that  allows  the  use  of  very  large  incre- 
ments of  pseudotime,  leading  to  fast  con- 


Cross-Stream  Ve- 
locity Vectors  com- 
puted for  the  square- 
cross-section  duct 
show  a  pair  of  secon- 
dary vortexes  gener- 
ated by  large  static 
pressure  on  the  out- 
side wall  at  the  bend. 
The  vortexes  move 
toward  the  inside  wall 
between  the  30°  and 
60°  positions. 
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vergence,  both  for  steady-state  problems 
and  for  subiterations  of  time-dependent 
problems. 

The  algorithm  has  been  tested  by  using 
it  to  compute  steady  flows  in  a  duct  that 
has  a  square  cross  section  and  a  90°  bend 
(see  figure)  and  in  unsteady  flow  in  an  ar- 
tificial heart. 

The  steady-state  duct  computations  are 
in  good  agreement  with  experimental  data. 
The  artificial-heart  computations  yield  par- 
ticle traces  that  resemble  those  in  photo- 
graphs of  the  flow  in  a  model  of  the  ar- 
tificial heart. 


This  work  was  done  by  S.  E.  Rogers  and 
D.  Kwak  of  Ames  Research  Center  and 

C.  Kiris  of  Stanford  University.  Further  in- 
formation may  be  found  in  AIAA  paper 
89A-25378,  "Numerical  Solution  of  the  In- 
compressible Navier-Stokes  Equations  for 
Steady-State  and  Time-Dependent  Prob- 
lems." 

Copies  may  be  purchased  [prepayment 
required]  from  AIAA  Technical  Information 
Service  Library,  555  West  57th  Street,  New 
York,  New  York  10019,  Telephone  No.  (212) 
247-6500. 
ARC-123707TN 
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High-Resolution 
Computations  of 
Hypersonic  Flows 

The  enhancement  of 
stability  and  the  rate  of 
convergence  is  discussed. 

A  report  discusses  the  extension,  to  hy- 
personic flows,  of  a  class  of  implicit,  total-vari- 
ation-diminishing (TVD)  algorithms  suitable 
for  the  numerical  simulation  of  transonic 
and  supersonic  flows  that  obey  the  Euler 
and  Navier-Stokes  equations.  The  stabili- 
ties and  the  rates  of  convergence,  relative 
to  those  of  other  algorithms,  are  discussed. 
The  study  is  complemented  by  a  variety  of 
computations  of  steady  and  unsteady  vis- 
cous and  inviscid  hypersonic  flows  about 
blunt  bodies. 

The  improved  algorithms  implement  con- 
servative shock-capturing  schemes  that 
are  accurate  to  second  and  third  order  in 
space  and  to  first  or  second  order  in  time. 
They  are  fully  implicit.  Particular  emphasis 
is  placed  on  high-resolution  algorithms  that 
are  implicit  and  accurate  to  second  order 
in  time.  The  algorithms  are  formulated  in 
finite-volume  and  pseudo-finite-volume 
forms,  which,  for  certain  physical  problems 
and  grid  distributions,  can  enhance  stabili- 
ty and  the  rate  of  convergence  for  highly 
clustered  or  skewed  grids  and  require  only 
a  slight  modification  from  the  form  in  which 
they  were  originally  presented  for  gener- 
alized geometries. 


The  report  identifies  some  numerical 
aspects  of  TVD-type  schemes  that  affect 
the  rates  of  convergence  for  high  mach 
numbers  and  flows  of  real  gases,  but  have 
negligible  effects  on  low-mach-number  or 
perfect-gas  flows.  The  performances  of 
the  various  linearized  implicit  forms  of  the 
improved  schemes  similar  to  the  forms  of 
schemes  used  in  some  previous  studies  of 
transonic  flows  are  re-examined  for  hyper- 
sonic flows. 

The  behaviors  of  the  improved  schemes 
with  various  forms  of  temporal  differencing 
but  similar  forms  of  spatial  discretization 
for  inviscid  and  viscous  flows  is  investi- 
gated. These  studies  indicate  that  the  sta- 
bilities and  rates  of  convergence  of  these 
schemes  are  different  between  viscous 
and  inviscid  flows.  However,  with  the  prop- 
er choice  of  the  temporal  discretization 
and  suitable  implicit  linearization,  these 
schemes  are  fairly  efficient  and  accurate 
for  very  complex  two-dimensional  hyper- 
sonic inviscid  and  viscous  shock  interac- 
tions. 

The  relative  efficiency  and  accuracy  of 
typical  TVD-type  schemes  for  shock-wave 
computations  are  examined.  A  compara- 


tive study  of  steady  and  unsteady  flows 
reveals  that  the  class  of  improved  TVD- 
type  schemes,  in  particular,  for  equilibrium 
real-gas  and  nonequilibrium  flows  pro- 
duces shock  resolutions  just  as  accurate 
as  those  of  most  other  TVD  schemes  and 
TVD  flux-vector-splitting  approaches,  yet 
requires  fewer  operations.  Even  with  the 
improvements,  the  rate  of  convergence  is, 
in  general,  slower  for  real  gases  than  for 
perfect  gases.  Also,  the  rate  of  con- 
vergence is,  in  general,  slower  for  viscous 
flows  than  for  inviscid,  steady  flows. 

This  work  was  done  by  H.  C  Yee  of 
Ames  Research  Center,  G.  H.  Klopfer  of 
NEAR,  Inc.,  andJ.-L  Montague  ofONERA,M 
France.  Further  information  maybe  found* 
in  NASA  TM-100097  [N88-22651],  "High- 
Resolution  Shock-Capturing  Schemes  for 
Inviscid  and  Viscous  Hypersonic  Flows." 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
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Nonazeotropic  Heat  Pump 

Waste  heat  from  the  motor  is  also  recovered. 


A  heat  pump  collects  heat  from  water 
that  circulates  in  a  heat-rejection  loop, 
raises  the  temperature  of  the  collected 
heat,  and  transfers  the  collected  heat  to 
water  in  a  separate  pipe.  The  pump  is  in- 
tended to  recover  relatively-low-tempera- 
ture waste  heat  and  use  it  to  make  hot 
water  for  washing,  for  example. 

The  heat  pump  includes  a  motor/com- 
pressor that  forces  a  working  fluid  through 
a  condenser  and  an  evaporator,  both  of 
which  are  tube-in-tube  heat  exchangers 
wrapped  in  coils  (see  Figure  1).  The  heat- 
rejection  loop  is  connected  to  the  evapora- 
tor, while  the  water  to  be  heated  flows 
along  one  of  the  tubes  in  the  condenser. 
The  design  is  based  on  a  standard  vapor- 
compression  cycle,  except  that  the  fluid  is 
a  nonazeotropic  mixture,  which  can  pro- 
duce a  substantial  gradient  of  temperature 
in  the  evaporator  and  condenser  (see 
Figure  2).  Such  a  mixture  (for  example,  70 
percent  Ca3F  and  30  percent  CHQF2)  can 
increase  the  coefficient  of  performance  (a 
measure  of  the  heat-transfer  efficiency  of 
the  cycle). 


Entropy 


Figure  1.  The  Heat 
Pump  includes  a 
sealed  motor/com- 
pressor with  cool- 
ing coils,  an  evap- 
orator, and  a  con- 
denser, all 
mounted  in  an 
outer  housing. 


Figure  2.  The  Gra- 
dients of  Temper- 
ature in  the  evap- 
orator and  a  con- 
denser increase 
the  heat-transfer 
efficiency  of  the 
vapor-compression 
cycle. 
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DETAIL  OF  HERMETIC  MOTOR/COMPRESSOR  PACKAGE 


The  compressor  is  driven  by  a  perma- 
nent-magnet brushless  dc  motor.  The  com- 
pressor and  motor  are  mounted  in  a  her- 
metic container.  Part  of  the  path  of  the 
water  to  be  heated  lies  along  a  tube 
wrapped  around  this  container  to  remove 
waste  heat  from  the  motor.  Thus,  the  waste 
heat  from  the  motor  is  added  directly  to  the 
output  stream  of  water,  increasing  the 
overall  efficiency  and  the  amount  of  heat 
recovered. 

The  hermetic  motor/compressor  con- 
tainer is  mounted  in  an  outer  housing  with 


the  evaporator  and  condenser  coils.  The 
only  external  connections  are  the  inlets 
and  outlets  for  water  and  electric  power. 

This  work  was  done  by  David  H.  Ealker 
and  Glenn  Deming  of  Foster-Miller,  Inc.,  for 
Marshall  Space  Right  Canter.  No  fur- 
ther documentatbn  is  available. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Marshall  Space  Flight  Center.  Refer  to 
MFS-26099/TN. 


George  C.  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer:  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 

Patent  Counsel: 

Leon  D.  Wofford,  Jr. 

Mail  Code  CC01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-0024 
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Quick-Actuating  Closure  and  Handling  System 

A  device  facilitates  entry  into  containers  and  high-pressure  vessels. 


A  quick-actuating  closure  and  handling 
system  has  been  developed  for  contain- 
ers, particularly  for  high-pressure  vessels 
or  shells  that  must  be  entered  frequently. 
Prior  methods  for  entry  into  high-pressure 
vessels  have  been  very  time-consuming, 
involving  considerable  use  of  equipment, 
such  as  overhead  cranes,  and  labor.  The 
new  system  greatly  facilitates  access  to 
the  insides  of  such  vessels. 

All  components,  as  shown  in  the  figure, 
stay  in  contact  with  the  handling  system, 
which  is  operated  by  readily  available  low- 
pressure  air.  The  air  motor  operates  sev- 
eral screwjacks  and  conical  surfaces  to 
force  the  shear  blocks  into  position.  Seals 
are  also  provided  to  prevent  leakage  from 
the  internal  gas  or  liquids.  The  engagement 
of  the  shear  blocks  and  sealing  of  the  fluid 
can  be  accomplished  in  minutes  without 
the  use  of  large  bolts. 

A  significant  feature  is  the  use  of  the 
conical  surfaces  to  engage  effectively  the 
shear  blocks  in  the  locked  position  to  pro- 
vide the  necessary  preload  and  to  transmit 
the  internal-pressure  load  directly  to  the 
pressure  vessel.  The  conical  surfaces  are 
designed  to  impart  the  proper  radial  move- 
ment to  the  shear  blocks,  based  on  the 
space  available  for  longitudinal  travel  of 
the  screwjacks. 

The  entire  assembly  shown  in  the  figure 
(shear  blocks,  seal  ring,  end  closure  plug, 
wedge  ring,  jacks,  air  motor,  and  cart)  is 
rolled  out  of  the  way  to  gain  access  to  the 
inside  of  the  container  or  vessel.  The  as- 
sembly can  be  moved  aside  if  long  inspec- 
tions or  modifications  are  to  be  made  to  the 
container  or  vessel. 

The  quick-actuating  closure  and  hand- 
ling system  concept  is  adaptable  to  many 
applications.  For  example,  it  can  be  used 
for  such  containers  as  autoclaves,  vacu- 
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The  Quick-Actuating  Closure  and  Handling  System  features  simplicity  in  design  and 
operation,  saving  of  time,  monitoring  of  leakage,  and  safety. 


urn  chambers,  and  a  wide  variety  of  spe- 
cialized vessels  requiring  frequent  entry 
and  closure. 

This  work  was  done  by  Dorsey  E. 
White,  Benjamin  T.  Updike,  and  Johnny  W. 
Allred  of  Langley  Research  Center. 

This  invention  has  been  patented  by 
NASA  (U.S.  Patent  No.  4,823,976).  Inquiries 
concerning  nonexclusive  or  exclusive 
license  for  its  commercial  development 
should  be  addressed  to  the  Patent 
Counsel,  Langley  Research  Center.  Refer 
to  LAR-13774/TN. 


Langley  Research  Ctr. 

Technology  Utilization 
Officer  John  Samos 
Mail  Stop  139A 
Hampton,  VA  23665 
Patent  Counsel 
George  F.  Helfrich 
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(804)  864-3523 
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Regenerative  Sorption  Refrigerator 

The  combination  of  two  types  of  sorption  compressor  increases  efficiency. 


€ 


A  two-stage  sorption  refrigerator 
achieves  increased  efficiency  via  a  regen- 
erative-heating concept  in  which  waste 
heat  from  a  praseodymium/cerium  oxide 
(POO)  chemisorption  compressor  runs  a 
charcoal/krypton  (C/Kr)  sorption  compres- 
sor. The  new  refrigerator  has  no  wearing 
moving  parts  other  than  extremely  long  life, 
room-temperature  check  valves  that  op- 
erate about  twice  per  hour.  Thus,  there  is 
virtually  no  measurable  vibration,  and  the 
refrigerator  has  a  potential  operating  life  of 
at  least  ten  years. 

The  refrigerator  (see  figure)  includes 
two  compressor  modules,  which  operate 
at  opposite  phases  of  their  heating-and- 
cooling  cycles  and  are  coupled  through 
check  valves  to  provide  continuous  cool- 
ing. At  the  beginning  of  a  cycle,  the  heater 
in,  say,  the  left  compressor  assembly  raises 
the  temperature  of  the  PCO  compressor 
f  rom  300  to  600  °C,  causing  it  to  vent  02  at 

pressure  of  22  atm  (2.2  MPa). 

A  gas-gap  thermal  switch  between  the 
PCO  compressor  and  the  C/Kr  compres- 
sor is  then  activated  so  that  heat  passes 
from  the  former  to  the  latter,  and  the  PCO 
compressor  is  cooled  from  about  600  to 
about  300  CC  while  the  C/Kr  compressor  is 
heated  from  about  0°C  to  about  300  °C 
The  PCO  compressor  then  chemically  re- 
absorbs 02  at  a  pressure  of  about  0.023 
atm  (2.3  kPa),  while  the  C/Kr  compressor 
liberates  krypton  at  40  atm  (4  MPa). 
Another  gas-gap  switch  is  then  activated  to 
pass  the  heat  from  the  C/Kr  compressor  to 
a  radiator  at  0  °C.  When  cooled  to  0  °C,  the 
C/Kr  compressor  physically  adsorbs  kryp- 
ton at  about  3  atm  (0.3  MPa). 

The  high-pressure  krypton  gas  (whether 
from  the  left  or  right  compressor  module)  is 
liquefied  at  200  K  and  expanded  to  135  K, 
providing  1  W  of  preceding  as  a  refrigera- 
tion upper  stage  for  expansion  of  the  ox- 
ygen gas,  plus  an  extra  0.5  W  of  cooling 
that  can  be  used  for  other  purposes.  The 
high-pressure  oxygen  (from  the  module 
that  is  not  supplying  krypton  at  the  mo- 
ment) is  cooled  to  200  K,  preliquefied  at 
135  K,  then  expanded  to  provide  1  W  of 
cooling  at  65  K. 

Atypical  two-stage  sorption  refrigerator 
[without  regenerative  heating  could  be  ex- 
pected to  require  about  160  W  of  power  to 
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Waste  Heat  From  Each  PCO  Sorption  Compressor  is  used  to  power  its  surrounding  C/Kr 
sorption  compressor.  The  flows  of  heat  in  the  two  compressor  modules  are  controlled  by 
gas-gap  thermal  switches. 


produce  cooling  equivalent  to  that  of  the 
new  refrigerator,  which  requires  only  95  W 
of  power.  The  performance  of  the  new 
refrigerator  thus  approaches  that  of  a 
mechanical  refrigerator,  which  requires 
about  60  W  to  produce  equivalent  cooling. 

This  work  was  done  by  Jack  A.  Jones, 
Liang-Chi  Wen,  and  Steven  Bard  of 
Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 


Patent  Counsel,  NASA's  Resident  Office- 
JPL.  Refer  to  NPO-17630/TN. 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Slop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 


Technology  Utilization 
Mgr.  for  JPL:  Norman 
L.  Chalfin 
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4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 
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Semiautomatic  Design  of  Zonal  Computational  Grids 

Knowledge-based  software  helps  reduce  the  complexity  of  fluid-dynamical  computations. 


EZGrid  is  a  knowledge-based  computer 
program  that  semiautomatically  generates 
zonal  computational  grids  for  use  in  nu- 
merical simulations  of  two-dimensional 
flows.  Zoning  is  necessary  because  of 
limitations  imposed  by  the  size  of  available 
computer  memory  and  by  the  topological 
complexity  of  a  typical  flow  field.  The  com- 
plexity and  amount  of  required  memory 
can  be  reduced  by  dividing  the  flow  field 
into  zones,  within  each  of  which  the  com- 
putational grid  is  refined  only  to  the  extent 
necessary  to  resolve  local  high  gradients. 
EZGrid  was  developed  to  speed  and  sys- 
tematize zoning,  which  heretofore  has 
been  a  tedious  manual  procedure  with  a 
high  degree  of  subjectivity  and  consequent 
vulnerability  to  error. 

Because  there  is  usually  no  consensus 
among  experts  as  to  what  constitutes  the 
"ideal"  or  "correct"  zoning  of  a  specific 
flow  field,  EZGrid  is  not  designed  to  elimi- 
nate subjectivity  entirely.  Instead,  it  codi- 
fies portions  of  zoning  expertise  on  which 
there  is  or  could  be  some  consensus, 
thereby  speeding  the  zoning  process  by 
narrowing  the  range  of  choices  among 
possible  zoning  plans.  One  consequence 
of  this  approach  is  that  EZGrid  incorpo- 
rates a  way  of  entering  qualitative  informa- 
tion on  the  shapes  and  configurations  of 
objects  in  a  flow  field  at  the  beginning  of 
a  zoning  procedure.  The  user  still  provides 
perceptual  information  on  shapes  and 
groupings  of  objects,  but  explicitly,  in  a 
consistent  manner,  only  for  the  input  ge- 
ometry, and  only  during  the  setup  phase 
at  the  beginning  of  an  EZGrid  run.  For  this 
purpose,  EZGrid  features  interactive  input 
via  a  language  in  which  objects  are  regard- 
ed as  being  composed  of  primitive  parts, 
and  the  shapes,  sizes,  orientations,  and 
other  attributes  of  objects  are  described 
in  standardized  terms.  The  user's  choice 
in  describing  shapes  can  affect  the  zonal 
grid  significantly  (see  figure). 

Any  attempt  to  define  standard  zoning 
practice  must  account  for  an  individual 


ELLIPSE 


BULLET 


1  [MINI 

''":'  i  hiTTiniiiifliii1  r  h  l  'i 

,,' 

miji 

imp 

fPf 

&rr\\T 

tafe 

4*. 

1 

rjf 

H 

I 

- 

- 

;   :  :  ,     H 

IP'l 

ii 

I  ! Jill      Mr,  in 

ttI ( i } 

mini ! 

.,j.;.,,i,!  .  . 

J!  i 

J 

liJtlltlltlillltmnll 

lilill 1 1 1 1 1 1 1 1 1 

1  lllllli  1  1 1  |-I  j "ii  ii |  !"il"ih'l             H 

'f|llffBI8wB 

pfc 

I'll  M" 

fptt 

if 

■Willi 

— 

ij 

ft44!' 

p 

■  1 1     ij   1  tiUniiiiimii'iiiitiilHiii'i 

' 

ill  Ii  1 1 

;  1   i  ■~T~ 

' 

l           i          i    i  '  1 1 N 

llllll    ;.;!... . 

rfj 

II 1 

_L. 

WEDGE 


TEARDROP 


The  User's  Opinion  Regarding  the  Shape  of  an  Object  in  a  flow  field  is  entered  via 
the  choice  of  one  of  several  prescribed  names  that  describe  various  end/side  shape 
combinations.  EZGrid  then  fits,  to  the  object,  a  zonal  grid  appropriate  for  that  shape. 


user's  bias,  which  involes  such  factors  as 
flow-solver  capabilities,  user's  experience, 
computational  objectives,  and  aesthetics, 
In  generating  a  flow-field  zoning,  EZGrid 
follows  standard  zoning  guidelines,  sub- 
ject to  a  user's  bias  as  reflected  by  a  "user 
bias  profile"  which  the  user  can  "tune". 
This  profile  is  the  collection  of  parameters 
chosen  to  represent  the  factors  described 
above,  and  it  is  tuned  by  the  assignment 
of  qualitative  weights  to  each  parameter, 
denoting  the  importance  and/or  accept- 
ability of  that  parameter. 

EZGrid  constructs  zoning  plans  by  as- 
sembling predefined  subplans.  A  subplan 
is  a  sequence  of  zoning  actions  applicable 
to  a  specific  grouping  of  objects.  The  bulk 


of  the  zoning  design  knowledge  is  con- 
tained directly  in  the  subplans.  If  there  is 
more  than  one  grouping,  more  than  one 
subplan  are  selected  and  assembled  to- 
gether to  produce  a  plan.  The  rules  that 
determine  the  way  in  which  the  subDlans 
are  combined  contain  the  remainder  of  the 
zoning  design  knowledge.  The  assembly 
of  plans  from  subplans  increases  efficien- 
cy, and  a  zoning-design  problem  is  thus 
transformed  into  a  simpler  selection-and- 
assembly  problem. 

This  work  was  done  by  Alison  Andrews 
Vogel  of  Ames  Research  Center. 
ARC-12322/TN 
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A  Software  Development  Specification  for  Nonlinear 
Structural  Analysis 

A  report  describes  a  programming  environment  for  structural  engineering  computations.  Offering  many 
advantages  over  the  current  state  of  technology  in  this  area,  the  software  system  discussed  here  is  highly  flexible 
and  portable.  In  addition  to  carrying  out  sophisticated  calculations  efficiently  on  today's  engineering  workstations, 
the  environment  can  also  exploit  the  power  of  larger  computers  by  linking  tasks  over  a  local  area  network. 
Furthermore,  the  system  is  programmable  and  extensible.  Finally,  the  software  system  may  be  integrated  with 
existing  programs  such  as  finite  element  codes  and  mathematical  libraries. 

Ideally,  the  system  described  should  be  an  aggregate  of  all  of  the  best  features  of  the  programs  reviewed  here. 
However,  given  the  constraints  on  bom  the  time  and  resources  available,  this  new  programming  environment  for 
structural  engineering  computations  can  only  approximate  this  ambitious  goal.  The  new  system  is  still  very 
powerful  and  flexible.  It  combines  the  response  of  an  interactive  program  with  the  speed  and  efficiency  of  a  batch- 
oriented  system.  It  is  programmable  and  extensible.  The  intent  of  the  report  to  provide  a  common  framework 
where  all  of  the  separate  ideas  and  concepts  presented  in  this  section  can  be  combined  for  the  benefit  of  structural 
engineers.  It  is  this  integration  that  is  especially  important  for  engineers  who  work  at  the  leading  edge  of 
computational  technology. 

The  report  gives  a  somewhat  detailed  overview  of  a  programming  environment  for  structural  engineering 
computations.  While  the  system  is  primarily  intended  for  the  research  community,  it  may  also  find  a  wide  variety 
A  of  applications  in  commercial  production  situations  as  well.  The  programming  system  is  highly  modularized, 

provides  a  flexible  and  extensible  platform  for  software  development  and  highly  suited  to  today's  computer 
technology. 

With  the  availability  of  low  cost  engineering  workstations,  equipped  with  powerful  central  processors,  a  computer 
network  interface  and  high  resolution  computer  graphic  capabilities,  the  computational  opportunities  for  structural 
engineers  is  gradually  changing.  No  longer  does  the  development  of  new  algorithms  and  techniques  require  that  a 
programmer  carry  out  many  iterations  of  the  "edit,  compile  and  debug"  cycle.  New  computer  hardware  has 
changed  all  of  that.  It  is  now  possible  to  provide  a  custom  environment  for  structural  engineering  applications 
which  provides  support  not  only  in  terms  of  the  creation  and  manipulation  of  finite  element  models,  but  also  in  the 
development  and  study  of  new  algorithms  and  computational  strategies. 

The  system  described  in  this  report  is  intended  to  provide  state  of  the  art  facilities  for  engineering  calculations. 
Accordingly,  this  programming  environment  contains  several  innovative  ideas.  Some  of  these  are  listed  below: 

The  system  is  compartmentalized  into  four  major  areas:  an  interpreter,  the  virtual  machine,  a  set  of  structural 
libraries  and  a  collection  of  application  libraries.  This  division  not  only  makes  the  development  and  maintenance 
of  the  system  much  more  straightforward,  but  it  also  makes  the  environment  much  easier  to  use  by  providing  a 
logical  overall  framework. 

A  programmable  and  extensible  command  interpreter  is  the  major  user  level  interface  to  the  environment.  The 
command  language  is  quite  sophisticated.  It  allows  the  engineer  to  write  loops,  conditionals,  internal  procedures 
and  define  variables.  Furthermore,  the  system  has  several  basic  data  types,  and  new  data  types  may  be  defined  by 
the  programmer. 

£  This  environment  supports  computer  network  operations.  In  particular,  tasks  may  be  exported  to  different 

™  computers  across  a  local  area  network  on  a  procedure  basis.  In  addition  to  providing  a  fall  back  mechanism  if 

remote  resources  are  not  available,  the  system  will  automatically  convert  data  to  and  from  a  computer  independent 

representation. 

482 


A  virtual  machine  makes  the  system  easier  to  move  to  new  computers  and  operating  systems  by  localizing  the  areas 
where  changes  need  to  be  made.  The  virtual  machine  provides  a  level  of  abstraction  above  the  actual  workstation        ■ 
hardware  and  software,  and  it  helps  to  make  the  various  system  interfaces  much  more  uniform. 

By  allowing  objects  to  be  bound  to  the  system  at  run  time,  this  computer  environment  can  efficiendy  run  on 
today's  engineering  workstations.  Dynamic  binding  not  only  makes  the  base  system  much  smaller,  but  it  also 
allows  library  routines  to  be  developed  asynchronously. 

The  programming  environment  is  comprised  of  several  layers  of  implementation.  Only  a  small  collection  of 
utilities  makes  up  the  basic  system,  all  other  items  may  be  optionally  added  if  they  are  required  by  an 
implementation. 

This  system  provides  a  callable  interface  to  a  structural  support  library.  A  collection  of  routines  in  this  library, 
along  with  a  named  work  space,  allows  an  engineer  to  flexibly  tailor  how  a  given  engineering  model  might  be 
represented.  Furthermore,  since  algorithms  can  also  be  described  at  the  command  interpreter  level,  there  is  no 
longer  a  division  between  a  finite  element  model  and  the  operations  performed  on  it.  Hence,  for  example,  new 
techniques  such  as  adaptive  h  and  p  order  mesh  refinement  may  be  more  readily  implemented. 

The  set  of  application  libraries  can  be  used  to  take  advantage  of  the  large  body  of  existing  computer  codes.  For 
example,  the  system  has  the  capability  to  communicate  with  large  finite  element  codes  and  a  set  of  standard 
mathematical  libraries. 

This  programming  environment  for  structural  engineering  applications  can  offer  a  great  deal  of  support  to  the  users. 
Because  the  system  is  primarily  interactive,  the  engineer  can  examine  and  modify  data  and  algorithms  quite  easily. 
By  taking  advantage  of  several  emerging  standards  for  computer  interaction,  graphics  and  networking,  this 
programming  environment  can  be  constructed  with  today's  technology. 

FOR  ADDITIONAL  INFORMATION:  Joseph  A.  Landers,  Department  of  Civil  Engineering;  Division  of 
Structural  Engineering,  Mechanics  and  Materials;  University  of  California,  Berkeley;  Berkeley,  CA  94720. 
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Calibrated  Bender  Developed 
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Figure  2.  Calibrated  Bender 


During  the  course  of 
developing  and  testing  undersea 
fiber  optic  cables,  a  tool  was 
developed  by  the  Naval  Ocean 
Systems  Center  (NOSC),  San 
Diego,  California,  to  aid  in 
inspection,  repair,  and  failure 
analysis  of  deployed  cable.  This 
tool  can  be  used  with  a  diver  or 
remotely  operated  vehicle  (ROV) 
to  assist  in  locating  faults  in  small 
diameter  undersea  fiber  optic 
cables.  It  can  also  be  used  in  the 
laboratory  or  cable  manufacturing 
plant  to  determine  the  location 
(relative  to  a  known  point)  of  a 
point  of  interest.  Once  the  tool  is 
calibrated,  it  can  be  used  as  an 


optical  attenuator. 

The  tool  consists  of  two  sets  of 
cylindrical  fingers  disposed  in  an 
interdigital  relationship,  pivoted 
together,  scissors  fashion,  to 
receive  a  portion  of  an  optical  fiber 
cable  (Figure  2).  When  the  fingers 
are  rotated  to  a  closed  position, 
they  create  a  predetermined  series 
of  bends  in  the  portion  of  the 
optical  fiber  cable  that  can  be 
observed  by  an  optical  time 
domain  reflectometer.  This  ob- 
servation allows  a  remote  monitor 
to  determine  the  relative  location 
of  the  bends  with  respect  to  a 
suspected  break  or  other  anomaly 
in  the  optical  fiber  cable  so  that  a 
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maintenance  or  repair  crew  can  go 
directly  to  the  location  of  the 
anomaly  for  quick  action.  The 
device  can  be  applied  directly  to 
equipment  or  systems  using  fiber 
optic  cables  as  interconnections.  It 
will  aid  in  fault  localization  and 
other  position  determination 
requirements. 


For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

Code  E211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  151002/TN 
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Noncontact  Measurements  of  Torques  in  Shafts 

Additional  information  would  be  extracted  from  an  eddy-current  proximeter. 


Commercially  available  eddy-current 
proximeters,  already  used  to  measure  de- 
flections of  rotating  shafts,  might  also  be 
used  to  measure  torques  in  the  shafts,  ac- 
cording to  a  proposal.  The  same  instru- 
ments would  thus  serve  a  dual  purpose. 
No  contact  with  the  shafts  would  be  nec- 
essary. 

The  magnetic  permeability  of  a  metal 
varies  with  strain.  Therefore,  the  torsional 
strain  created  by  torque  in  a  metal  shaft 
should  affect  the  magnetic  fields  and  eddy 
currents  induced  by  an  eddy-current  prox- 
imeter mounted  near  the  shaft  (see  figure). 
The  output  of  the  proximeter  should,  there- 
fore, contain  information  about  torsion  as 
well  as  about  the  distance  between  the 
proximeter  and  the  shaft.  In  the  proposed 
application,  output  of  the  proximeter  would 
be  fed  to  additional  signal-processing 
circuitry,  which  would  extract  the  torsion 
information.  It  may  even  be  possible  to  ex- 
tract torsion  information  from  existing  tape- 
recorded  proximeter  data. 

It  has  already  been  demonstrated  that 
the  oscillation  characteristics  of  an  oscil- 
lator circuit  that  includes  an  inductor  ad- 
jacent to  a  magnetostrictive  material  vary 
with  the  strain  in  that  material.  Depending 


on  the  shaft  material,  it  may  or  may  not 
be  necessary  to  deposit  a  magnetostric- 
tive material  on  the  shaft  to  obtain  usable 
readings  from  the  proximeter.  It  may  also 
be  possible  to  extract  torques  from  pre- 
viously recorded  eddy-current-proximeter 
readings. 

This  work  was  done  by  Aaron 
Schwartzbart  of  Rockwell  International 
Corp.  for  Marshall  Space  Flight  Center. 
No  further  documentation  is  available. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Marshall  Space  Flight  Center.  Refer  to 
MFS-29717/TN. 

George  C.  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer:  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 

Patent  Counsel: 

Leon  D.  Wofford,  Jr. 

Mail  Code  CC01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-0024 


SUMMARY  OF  PRINCIPLE 

V  =  V,(l>. 

I  =  ll(d.  „). 

»  =  m<»). 

V  =  V2W.  « 


Where: 

V  =  Output  of  Proximeter 
I  =  Relevant  Eddy-Current  Characteristics 
d  =  Distance  Between  Proilmeter  and  Shah 
v  =  Magnetic  Permeability  ot  Shaft 
s  =  Strain 
Vi.  Ii,  «1.  and  V2  Are  Functions 


An  Eddy-Current  Proximeter  positioned 
over  a  rotating  shaft  would  measure  both 
displacement  of  and  torsion  in  the  shaft.  The 
torque  applied  to  the  shaft  should  be  calcu- 
lable from  the  output  of  the  proximenter. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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Fuel  Additives  for  Reducing  Diesel  Soot  Emissions 


The  Problem 

The  National  Institute  of  Occupational  Safety  and 
Health  has  classified  diesel  exhaust  as  a  potential  human 
carcinogen.  Though  standards  for  diesel  particulate  mat- 
ter (DPM)  in  the  work  place  have  not  been  established, 
concern  for  the  health  of  miners  is  prompting  mine  op- 
erators to  consider  methods  for  reducing  worker  exposure 
to  diesel  exhaust. 

Approach 

One  of  many  methods  for  reducing  DPM  being  inves- 
tigated by  the  Bureau  of  Mines  is  the  use  of  additives  in 
diesel  fuel  to  improve  combustion. 

Research  Results 

Three  fuel  additives  have  been  tested  in  Caterpillar 
and  Deutz  diesel  engines  which  are  similar  to  types  used 
in  underground  mines.  One  iron-based  additive  containing 
ferrous  picrate  had  no  effect  on  emissions.  A  second  iron- 
based  additive  containing  ferrocene  reduced  DPM  between 
5  and  45  pet  depending  on  engine  operating  conditions. 
The  37-pct  reduction  for  an  8-minute  duty  cycle,  which 
includes  a  wide  range  of  transient  loads  and  speeds,  is 
considered  to  represent  in-mine  performance. 

A  barium-based  fuel  additive  was  the  most  effective 
at  high  engine  loads.  The  DPM  reductions  ranged  from 
10  pet  at  the  lightest  engine  load  to  75  pet  at  full  load. 

How  it  Works 

Addition  of  barium  to  diesel  fuel  immediately  affects 
exhaust  emissions,  but  ferrocene  requires  a  conditioning 
period  of  up  to  300  hours  to  develop  a  ferric  oxide  deposit 
on  the  combustion  chamber  surfaces.  The  presence  of  the 
ferric  oxide  coating  acts  as  an  oxidation  catalyst  that  re- 
duces DPM  formation  caused  by  flame  quenching  at  the 
walls  of  the  combustion  chambers. 

Other  Considerations 

Fuel  additives  that  enhance  combustion  also  affect  other 
diesel  exhaust  emissions.  The  Bureau's  test  results  show 
that  CO  emissions  may  either  increase  or  decrease  by  up 
to  10  pet  depending  on  the  engine  operating  condition. 
When  averaged  over  different  engine  operating  conditions, 


the  laboratory  results  show  that  CO  levels  in  a  mine  are 
not  likely  to  change. 

NOx  levels  may  increase.  The  maximum  NOx  increase 
measured  for  either  additive  was  15  pet.  In  actual  use  it 
is  expected  that  average  NOx  levels  in  mines  will  increase 
by  less  than  10  pet.  For  barium  the  NO,  increase  was 
proportional  to  the  amount  of  additive  in  the  fuel,  so  only 
enough  barium  to  effect  DPM  reductions  should  be  used. 

Both  additives  can  increase  sulfate  emissions  which  add 
to  the  particulate  level  in  approximate  proportion  to  the 
amount  of  sulfur  in  the  fuel.  Under  some  conditions, 
these  additional  particulate  sulfates  may  offset  any  soot 
reductions. 

Most  of  the  barium  is  emitted  as  harmless  barium  sul- 
fate, but  a  fraction  may  be  emitted  as  barium  carbonate, 
which  is  toxic.  The  barium  emissions  are  directly  related 
to  the  C02  emissions.  Therefore,  if  the  additive  is  used  at 
the  Bureau's  recommended  concentration  in  the  fuel  and 
if  the  mine  ventilation  is  adequate  to  control  C02  below  its 
regulated  limit,  then  barium  levels  will  be  well  below  the 
regulated  limit  of  0.5  mg/m3. 

Recommendations 

The  Bureau  believes  that  operators  who  are  aware  of 
the  possible  adverse  effects  noted  here  may  use  these  ad- 
ditives effectively  and  safely  to  reduce  DPM  emissions. 
For  maximum  effectiveness,  the  Bureau  recommends  using 
the  additives  with  low-sulfur  fuels  to  reduce  the  formation 
and  emission  of  sulfates. 

The  supplier's  recommendations  for  ferrocene-based 
additives  should  be  followed.  Initial  trials  with  barium 
should  be  at  the  Bureau's  recommendation  of  0.09  wt  pet. 
To  obtain  maximum  effectiveness,  barium  additive  levels 
in  the  fuel  may  be  decreased  or  increased  as  required,  but 
should  not  exceed  the  supplier's  recommended  concentra- 
tion of  0.36  wt  pet. 

For  More  Information 

Bureau  of  Mines  reports  on  barium-based  additives  are 
available  now.  A  Bureau  report  on  the  iron-based  addi- 
tives is  being  prepared.  To  obtain  copies  of  these  reports 
and  for  additional  information,  contact: 

H.  William  Zcller 

Bureau  of  Mines 

5629  Minnehaha  Avenue  South 

Minneapolis,  MN    55417 

(612)  725-4603 
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Removing  Spilled  Oil  With  Liquid  Nitrogen 

Pollutants  would  be  frozen  quickly  and  hauled  away. 


A  novel  technique  has  been  proposed 
to  reduce  more  quickly,  contain,  clean  up, 
and  remove  petroleum  products  and  such 
other  pollutants  as  raw  sewage  and  chem- 
icals without  damage  to  humans,  animals, 
plants,  or  the  environment.  Current  meth- 
ods for  cleaning  up  oilspills  are  usually  slow,  ineffective,  and 
inefficient,  as  demonstrated  in  the  well-publicized  incident  of 
the  oil  tanker  in  Alaskan  waters.  A  significant  disadvantage  of 
current  methods  is  that  the  people  and  equipment  are  working 
with  a  substance  that  is  liquid,  viscous,  sticky,  gummy,  and 
generally  difficult  to  capture  and  handle.  Because  these  meth- 
ods are  slow  and  ineffective,  the  pollution  spill  is  afforded  time 
to  contaminate  the  general  area — water,  shorelines,  plants, 
and  animals. 

The  unique  and  primary  aspect  of  the  new  technique  is  the 
use  of  a  cryogenic  fluid  to  solidify  the  spill  so  that  it  can  be 
carried  away  in  solid  chunks.  Liquid  nitrogen  (LN2),  with  a 
boiling  point  at  -320°F(-1 96°C),  offers  probably  the  best  trade- 
off among  extreme  cold,  cost,  availability,  and  lack  of  impact  on 
the  environment  among  the  various  cryogenic  fluids  available. 
The  LN2  must  be  transported  to  the  spill  site  quickly  and  in  large 
quantities.  Both  these  requirements  can  be  met  by  the  numer- 
ous ships  that  were  built  afew  years  ago  to  transport  enormous 
amounts  of  liquefied  natural  gas  (LNG).  The  market  for  such 
quantities  of  LNG  did  not  materialize  as  anticipated,  leaving  a 
number  of  appropriately  outfitted  ships  lying  idle.  Two  such 
ships,  for  example,  are  currently  in  the  "Mothball  Fleet"  located 
in  the  James  River,  Virginia.  Each  ship  has  the  capacity  to 
carry  33  million  gallons  (0.12  Mm3)  of  LN2. 

The  technique  calls  for  these  and  other,  faster,  ships  like 
retired  and  modified  liners  or  cruisers  to  be  stationed  strategi- 
cally in  national  waters  with  their  LN2  tanks  as  close  to  full  as 
feasible.  When  a  spill  occured,  all  ships  of  both  kinds  that  were 
reasonably  near  would  sail  to  the  affected  area.  The  crews 
would  place  a  large,  deep  boom  around  the  oil  and  place 
collapsible  sections  (relatively  deep  boxlike  structures)  within 
the  boom — as  many  as  required  to  fill  the  enclosed  area. 
These  boxlike  structures  would  be  constructed  with  insulated 
electrical  heater  wires.  Within  each  section  would  be  placed  a 
steel  cable  net  with  rings  or  hooks  secured  above  the  booms. 

As  soon  as  this  equipment  was  in  place,  copious  amounts 
of  LN2  would  be  rapidly  applied  to  spilled  oil.  This  would  be 
done  on  top  of  the  oil,  under  the, oil,  and  if  possible,  within  the 
oil.  LN2  would  be  applied  until  all  of  the  oil  was  frozen.  At  the 


same  time,  other  crewmembers  would  begin  pumping  very 
large  quantities  of  LN2  into  the  area  of  the  rupture  in  the  tanker 
until  the  oil  was  frozen  in  place,  thus  plugging  the  hole  and 
preventing  further  spillage.  The  heater  elements  embedded  in 
the  segmented  sections  of  the  spill  would  be  turned  on,  melt- 
ing thin  layers  of  oil  between  segmented  sections,  thereby 
permitting  each  frozen  section  to  be  removed  by  a  crane. 
These  sections  would  be  taken  away  by  barge  and  the  spillage 
treated  and/or  disposed  as  appropriate. 

Where  a  relatively  thin  layer  of  oil  existed,  a  different  means 
of  application  would  be  used.  In  fairly  calm  waters,  a  large,  flat 
platform-type  structure  would  be  towed,  preferably  between 
two  ships,  at  a  depth  of  only  a  few  inches  (1  in.  =  2.54  cm).  At 
the  same  time  large  quantities  of  LN2  would  be  applied  to  the 
oil/water  surface  over  the  platform.  The  use  of  a  platform  at 
minimum  depth  would  prevent  the  formation  of  strong  thermal 
currents,  which  otherwise  occur  when  very  cold  liquid  is 
applied  to  relatively  warm  water.  (Such  currents  would  prevent 
freezing  on  the  surface  until  virtually  all  the  water  from  surface  € 
to  bottom  was  cooled  to  near  the  freezing  temperature.) 

Immediately  behind  the  platform,  a  chain-link  conveyor 
assembly  would  lift  the  solid  pieces  of  frozen  oil  into  a  barge  for 
future  treatment.  In  shallow  water  and  on  some  beaches,  LN2 
would  be  applied  and  the  frozen  oil, 
possibly  in  the  form  of  large  plates,  would 
be  lifted  into  appropriate  containers  for 
future  processing. 

Other  applications  of  this  technique 
could  include  extinguishing  fires  at  such 
locations  as  oil  derricks  or  platforms  and 
at  tank  farms  that  contain  such  petro- 
leum products  as  gasoline,  diesel  fuel, 
and  kerosene.  Aircraft,  fireboats,  and 
the  like  could  be  used  to  apply  LN2,  or 
possibly  liquid  neon,  which  is  colder  and 
has  a  much  larger  liquid-to-gas  expan- 
sion ratio,  forming  a  giant  cloud  of  non- 
oxidizing  gas.  The  cryogenic  liquid  would  . 
vaporize  almost  immediately,  the  oxy- 
gen-starved flame  would  be  extin- 
guished, and  a  cooled  structure,  ready 
to  be  approached,  would  result. 

This  work  was  done  by  Daniel  B.  Snow 
of  Langley  Research  Center. 
LAR-14227/TN 
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Development  of  Real-Time 
Formaldehyde 

Introduction 

Formaldehyde  (HCHO)  is  the  most 
abundant  aldehyde  in  the  ambient 
atmosphere,  originating  both  from 
primary  emissions  in  combustion  sources 
and  from  atmospheric  oxidation  of 
hydrocarbons.  Formaldehyde  produces 
free  radicals  upon  photolysis,  contributing 
to  the  formation  of  ozone  and  other 
oxidants.  Concentrations  of  formaldehyde 
in  the  ambient  atmosphere  range  from 
below  1  ppbv  in  rural  areas  to  several 
tens  of  ppbv  in  urban  areas  such  as  the 
Los  Angeles  basin.  A  pronounced  diurnal 
variation  is  observed  in  Los  Angeles  due 
to  the  impact  of  both  local  sources  and 
photochemistry,  and  a  pronounced 
seasonal  variation  is  observed  in  rural 
areas  due  to  seasonal  changes  in 
photochemical  activity.  Formaldehyde  is 
also  found  in  industrial  environments  and 
in  indoor  air,  originating  from  a  variety  of 
processes  and  materials  of  construction. 
A  national  database  on  concentrations  of 
volatile  organic  compounds  indicates  that 
indoor  formaldehyde  concentrations  are 
typically  several  times  higher  than 
outdoor  concentrations.  Formaldehyde  is 
emitted  from  motor  vehicles,  and  this 
source  may  become  more  important  due 
to  the  proposed  increasing  reliance  on 
vehicles  using  alternate  fuels  (e.g., 
methanol).  In  either  indoor  or  outdoor  air, 
the  presence  of  formaldehyde  is 
important  because  of  the  toxicity  of  this 
chemical,  including  suspected 
carcinogenesis  in  humans. 

Because  of  the  importance  of  gaseous 
formaldehyde  from  both  an  atmospheric 
chemistry  and  a  toxicology  viewpoint, 
several  methods  have  been  developed 
for  measurement  of  formaldehyde  in  air, 
and  intercomparisons  of  methods  have 
been  performed.  Spectroscopic  methods 
include  Fourier  transform  infrared 
absorption  (FTIR),  differential  optical 
absorption  spectroscopy  (DOAS),  and 
tunable  diode  laser  absorption 
spectroscopy  (TDLAS).  All  are  capable  of 
real-time  HCHO  measurement,  which  is 
of  importance  in  studying  the  short-term 
variations  in  ambient  HCHO  which 
convey  information  about  its  sources  and 
sinks.  However,  all  three  spectroscopic 
devices  are  large,  complex,  and 
expensive,  and  only  the  TDLAS  method 
appears  to  have  sensitivity  adequate  for 


Monitors  for  Gaseous 


measurement  of  HCHO  at  the  sub-ppbv 
levels  characteristic  of  rural  air.  Smaller 
and  less  complex  real-time  HCHO 
detectors  have  also  been  developed, 
based  on  continuous  collection  of  HCHO 
in  aqueous  solution  for  subsequent 
analysis  by  colorimetry,  fluorescence,  or 
enzyme-catalyzed  fluorescence.  These 
methods  can  provide  high  sensitivity,  but 
they  are  subject  to  some  operational 
difficulties.  Integrated  collection  and 
derivatization  of  HCHO  with  2,4- 
dinitrophenyl-hydrazine  can  also  provide 
high  sensitivity  but  is  not  amenable  to 
real-time  analysis. 

This  report  describes  efforts  to  improve 
capabilities  for  formaldehyde 
measurement,  by  developing  two  new 
real-time  HCHO  monitors  for  use  in 
ambient  and  indoor  environments.  The 
primary  purpose  of  this  work  was  to 
develop  prototype  monitors  based  on  (a) 
a  novel  spectroscopic  method  for  direct 
measurement  of  HCHO  in  air,  and  (b)  a 
separate  wet  chemical  method  involving 
collection  of  HCHO  from  air  into  aqueous 
solution  for  subsequent  analysis.  The 
methods  were  required  to  be  portable, 
real-time  continuous  monitors,  having 
time  response  on  the  order  of  one 
minute,  and  sensitivity  sufficient  to  allow 
monitoring  of  single-digit  ppbv 
concentrations  of  formaldehyde  in 
ambient  air. 

Results 

Spectroscopic  Monitor  -  A  literature 
search  on  the  spectral  characteristics  of 
formaldehyde  led  to  the  choice  of  direct 
gas-phase  fluorescence  as  the  basis  for 
the  spectroscopic  monitor,  because  of 
the  inherently  high  sensitivity  of  this 
technique.  Extensive  feasibility 
calculations  indicated  that  application  of 
state-of-the-art  optical  and  electronic 
approaches  to  the  fluorescence 
technique  could  achieve  sensitivity 
sufficient  for  ambient  measurements.  For 
practical  reasons,  it  was  decided  to 
assemble  a  prototype  formaldehyde 
detector  by  modification  of  a  commercial 
fluorescence  S02  detector.  The  Thermo 
Environmental  Model  43-S  S02  detector 
was  selected  for  this  purpose  because  of 
its  high  sensitivity  (detection  limit  for  S02 
of  «•  0.1  ppbv)  and  its  performance  in 
field  studies.   Initial  modifications  to  the 
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43-S  involved  changing  optical  filter 
elements  to  match  the  wavelengths 
appropriate  for  formaldehyde  detection 
(260-350  nm  excitation;  380-550  nm 
emission),  and  adjusting  the  gain  of  the 
electronics.  The  excitation  region  used 
for  formaldehyde  is  well  removed  from 
that  (190-230  nm)  used  for  S02. 

Performance  of  the  initial  modifications 
and  testing  of  the  spectroscopic 
prototype  showed  good  sensitivity 
despite  a  high  background  signal. 
Further  modifications  are  planned  which 
will  increase  sensitivity  and  lower  the 
detection    limit. 

Wet  Chemical  Method  -  A  survey  of 
existing  collection  devices  for  gaseous 
HCHO  and  analytical  approaches  for 
aqueous  HCHO  indicated  the  feasibility  of 
an  improved  wet  chemical  monitor  based 
on  the  Hantzsch  reaction,  the  cyclization 
of  a  p-diketone,  an  amine,  and  an 
aldehyde.  Spectral  data  on  products  of 
the  Hantzsch  reaction  suggested  that 
sensitivity  might  be  improved  by  use  of 
intense  254  nm  light  from  an  Hg  lamp  for 
excitation,  rather  than  the  410  nm  light 
used  previously.  Lab  tests  confirmed  that 
sensitivity  was  increased  by  over  a  factor 
of  three  with  254  nm  excitation.  Using 
this  approach  with  a  highly  sensitive 
commercial  fluorometer  achieved 
detection  limits  of  0.02  nM  aqueous 
HCHO.  This  high  sensitivity  for  aqueous 
formaldehyde  thus  allowed  use  of  a 
simple,  reliable,  and  efficient  glass  coil 
collection  for  gaseous  HCHO,  resulting  in 
a  detection  limit  of  0.2  ppbv  HCHO  at  a 
sample  air  flow  rate  of  2  L/min.  Selectivity 
towards  formaldehyde  is  very  high,  e.g., 
>  10,000  to  1  relative  to  acetaldehyde. 

The  wet  chemical  monitor  was  field 
tested  by  continuous  operation  over  a  1 0- 
day  period  in  which  indoor  and  outdoor 
air  were  sampled  for  alternate  half-hour 
periods  at  an  occupied  residence  in 
Columbus,  Ohio.  The  monitor  operated 
very  reliably,  despite  variations  in 
ambient  temperature  and  power  outages 
due  to  severe  weather.  Approximately 
200  hours  of  indoor  and  outdoor  data 
were  obtained.  Indoor  concentrations 
ranged  from  10  to  over  50  ppbv, 
averaging  over  30  ppbv,  and  varied  with 
the  degree  of  ventilation  of  the  home. 
Outdoor  concentrations  ranged  from  0.2 
to  7  ppbv,  averaging  3.3  ppbv,  and  varied 
with  meteorological  conditions  and  time 
of  day.  A  comparison  was  also  performed 
between  3-hour  integrated  DNPH  data  for 
formaldehyde  in  outdoor  air  and  the  real- 
time data  averaged  over  corresponding 
intervals.  This  comparison  showed  close 
agreement  between  the  two  methods, 
even  though  the  range  of  concentrations 
compared  was  very  low,  i.e.,  1  to  5  ppbv. 

Conclusions  and 
Recommendations 

Two  new  continuous,  real-time 
monitors  for  formaldehyde   in   air  have 


been  developed.  One  is  a  spectroscopic 
method  employing  gas-phase 
fluorescence  which  has  been  developed 
to  the  prototype  stage,  exhibiting  a 
detection  limit  of  <  30  ppbv 
formaldehyde  with  one-minute  time 
response.  The  other  employs  aqueous 
scrubbing  and  subsequent  continuous 
analysis  of  the  collected  formaldehyde. 
Gaseous  and  aqueous  detection  limits  of 
this  device  are  0.2  ppbv  and  0.02  nM, 
respectively,  with  time  response  similar 
to  that  of  the  spectroscopic  device. 

The  aqueous  scrubbing/analysis 
method  was  shown  in  extensive  field 
testing  to  be  capable  of  continuous 
monitoring  of  gaseous  formaldehyde  at 
concentrations  characteristic  of  both 
indoor  and  outdoor  air.  This  method  also 
provided  data  on  formaldehyde  in 
outdoor  ambient  air  which  agreed  well 
with  simultaneous  data  from 
dinitrophenylhydrazine  (DNPH)  impinger 
sampling,  even  at  concentrations  as  low 
as  1  ppbv.  The  spectroscopic  method 
shows  promise  for  detecting  these  low 
concentrations  as  well,  by  means  of 
further  modifications  to  the  present 
prototype. 

It  is  recommended  that  the  gas-phase 
fluorescence  method  originated  here  be 
explored  further,  by  additional 
modifications  to  the  prototype  monitor. 
Additional  modifications  should  include 
further  reduction  of  background 
fluorescence  by  selection  of  optical 
filters,  and  increasing  excitation  light 
intensity  by  increasing  the  flashlamp 
output.  Detection  limits  below  5  ppbv 
should  ultimately  be  achievable  with  the 
spectroscopic  approach.  Improvements 
in  the  wet  chemical  method  are  also 
possible,  by  reducing  the  reagent 
background  signal.  Two  approaches 
suggested  are  greater  purification  of 
reagents,  and  improved  selection  of 
optical  filters  used  in  the  fluorometer. 

It  is  further  recommended  that  both 
monitors  be  considered  for  deployment 
in  monitoring  networks.  The  capability 
and  reliability  of  the  wet  chemical  method 
for  continuous  field  measurement  of 
ambient  HCHO  have  been  demonstrated 
in  this  study.  Little  maintenance  of  the 
wet  chemical  method  is  required  beyond 
replenishment  of  simple  aqueous 
reagents.  The  spectroscopic  HCHO 
monitor  should  be  especially  useful  in 
network  operations,  because  of  its  fully 
self-contained  design. 


Thomas  J.  Kelly  and  Russell  H.  Barnes  are  with  Batlelle  Columbus  Division, 

Columbus,  OH  43201-2693. 
William  A.  McClenny  is  the  EPA  Project  Officer  (see  below). 
The  complete  report,  entitled  "Development  of  Real-  Time  Monitors  for  Gaseous 
Formaldehyde."  (Order  No.  PB91-126  029IAS;  Cost:  $17.00,  subject  to 
change)  will  be  available  only  from: 

National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield,  VA  22161 
Telephone:  703-487-4650 
The  EPA  Project  Officer  can  be  contacted  at: 

Atmospheric  Research  and  Exposure  Assessment  Laboratory 
U.S.  Environmental  Protection  Agency 
Research  Triangle  Park,  NC  27711 
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U.S.  Army  Fact  Sheet 

|U.S.  Army  Industrial  Engineering  Activity,  Rock  Island,  IL  61299-7260 

Value  Engineering  Provides  A  'Win-Win'  Situation  for 
Government  and  Industry 


BACKGROUND 

The  Department  of  Defense  (DoD)  Value 
Engineering  (VE)  Program  is  celebrating 
its  30th  anniversary  this  year.  Over  the 
years,  many  defense  contractors  and 
Government  agencies  have  participated  in 
the  program.  As  a  result,  its  overall  record 
of  performance  has  been  impressive.  Dur- 
ing the  last  three  years,  the  Value 
Engineering  Program  has  earned  the 
Government  $764  million  in  savings,  while 
significantly  increasing  the  profits  to  parti- 
cipating contractors. 

BASIC  PRINCIPLE 

The  basic  principle  of  Value  Engineering  is 
the  attainment  of  necessary  functions  at  a 
minimum  cost,  without  sacrificing  quality  or 
reliability.  No  one  can  deny  that  the  need 
to  reduce  the  cost  of  weapon  systems  is 
greater  today  than  any  time  in  recent  years 
due  to  the  current  DoD  economic  environ- 
ment. In  the  past,  VE  has  proven  to  be  an 
effective  tool  in  minimizing  costs  in  the 
acquisition,  use,  and  maintenance  of 
defense  materials. 

FUNCTION  ANALYSIS  IS  KEY 

The  essence  of  VE  is  the  function  analysis 
approach.  The  approach  involves  evaluat- 
ing the  functions  of  a  system  or  product  - 
what  the  item  is  supposed  to  do.  Once  the 
functions  have  been  defined,  the  VE 
methodology  entails  developing,  by  creative 
techniques,  alternative  ways  to  accomplish 
the  basic  function  at  the  lowest  cost,  while 
enhancing  the  functional  value,  reliability 
and  maintainability  of  items,  processes  and 
procedures.  This  function  analysis 
approach  makes  VE  distinctly  different 
from  simple  cost-reduction  techniques. 


BEGAN  DURING  WORLD  WAR  II 

The  concept  of  Value  Engineering  began 
during  World  War  II.  Many  manufacturers 
were  forced  to  substitute  materials  and 
designs  to  produce  the  necessary  defense 
items.  Lawrence  D.  Miles,  an  engineer  for 
General  Electric,  later  developed  the  func- 
tion analysis  approach,  which  stresses  the 
use  of  creative  techniques  to  solve  prob- 
lems. 

PART  OF  TQM  CONCEPT 

VE  serves  all  elements  of  an  organization 
and  is  an  integral  part  of  the  Total  Quality 
Management  (TQM)  concept.  Value 
Engineering  instills  creative  thinking,  fost- 
ers cooperation  and  open  communications 
within  an  organization,  counters  negative 
attitudes,  and  provides  a  means  to  adapt  to 
changing  technology. 

SUMMARY 

The  Value  Engineering  Program  provides  a 
unique  "win-win"  situation  for  the  Govern- 
ment and  industry.  It  allows  the  Govern- 
ment to  save  money  and  offset  the  effects  of 
inflation,  while  providing  improved 
material.  At  the  same  time,  the  defense 
contractor  can  improve  his  profitability  by 
sharing  in  the  savings  and  enhance  his  com- 
petitive position  by  producing  improved 
products  at  at  lower  cost.  The  Government 
encourages  defense  contractors  to  partici- 
pate in  the  VE  program  by  offering  attrac- 
tive opportunities  to  share  in  the  savings. 

FOR  MORE  IN  FORMA  TION 

More  information  about  VE  savings  and 
goals  may  be  obtained  from  Mr.  Robert 
Miller,  AMXIB-PS,  DSN  793-3734  or  Com- 
mercial (309)  782-3734. 
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Technology  Application 


Brookhaven  National  Laboratory 


Pressurized  Seal 


Description  of  Technology:  Releasable,  high  pressure,  radiation-resistant,  harsh  environment  fluid  seal.  Soft 
metal  seal  is  deformed  by  a  fluid  pressure  to  pressure  contact  sealing  surfaces.  Removal  of  pressure  releases  seal. 
Sealing  pressure  must  be  greater  than  pressure  being  sealed. 

Potential  Applications/Spinout  Uses:  Nuclear  power,  chemical  processing,  petroleum  drilling/processing. 

FOR  ADDITIONAL  INFORMATION:  Dr.  William  Marcuse,  Office  of  Technology  Transfer,  Building  902-C, 
Brookhaven  National  Laboratory,  Upton  NY  1 1973,  Commercial  (516)282-2103.  BNL/AA-59. 
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Technology  Applications 


Directory  of  Manufacturing  Research  Centers 


In  an  ongoing  effort  to  provide  the  manufacturing  community  with  up-to-date  information,  MTIAC  has  completely 
revised  and  updated  The  Directory  of  Manufacturing  Research  Centers,  originally  published  in  June  1989.  The 
second  edition,  now  available,  features  manufacturing  research  facilities  throughout  the  United  States.  Over  20 
new  locations  appear  with  expanded  and  revised  information  on  previously  described  centers  making  a  total  of  184 
research  centers  included  in  this  publication. 

This  directory  provides  information  on  all  identified  sites  that  actively  engage  in  manufacturing  research  and  are 
available  to  the  general  manufacturing  community  on  a  free  or  fee  basis.  In  the  current  edition,  over  41  states  host 
such  centers;  Illinois,  Pennsylvania,  Ohio,  California  and  Texas  have  over  10  centers  each. 

The  directory  is  available  in  the  following  formats:  paper  bound,  210  pages,  $75;  computer- readable  formats, 
$150;online,$60/hour. 

FOR  ADDITIONAL  INFORMATION:  To  order  a  directory,  or  for  more  information  about  non-print  formats, 
please  contact:  Manufacturing  Technology  Information  Analysis  Center,  IIT  Research  Institute,  10  West  35th 
Street,  Chicago,  IL  60616-3799;  (312)5674730;  Fax:  (312)567-4736. 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 


MSI  Project  Integrates  Manufacturing  Functions 


Incompatibility  of  data  and  control 
processes  is  a  problem  that,  despite 
years  of  development  of  excellent  prod- 
ucts, still  prevents  American  industry 
from  easily  building  truly  integrated 
manufacturing  systems.  To  attack  the 
problems  of  integration  the  Manufactur- 
ing Systems  Integration  (MSI)  project 
has  developed  a  testbed  environment 
which  allows  experimentation  with  inte- 
grated production  management  and 
control  approaches.  The  success  of  all 
MSI  project  goals  will  mean  that  com- 
mercial "shrink-wrapped"  software 
systems  can  be  produced,  which  can  be 
plugged  together  to  form  integrated  fac- 
tory management  systems. 

One  of  the  primary  goals  of  the  MSI 
project  is  to  allow  experimentation  with- 
out requiring  the  presence  of  physical 
manufacturing  equipment.  The  MSI 
testbed  supports  simulated  shop  "~-,r 
equipment  for  ease  of  development  test- 
ing. It  can  also  operate  actual  equipment 
to  ensure  the  validity  of  results. 

The  ALPS  (A  Language  for  Process 
Specification)  process  and  production 
plan  model  has  been  implemented  in  a 
commercial,  object-oriented  database 
system  and  can  be  accessed  over  the 
MSI  network  by  any  system  needing  this 
information.  Experience  with  the  ALPS 
representation  is  fed  directly  to  the  stan- 
dards    community     through     the 


International  Organization  for  Standard- 
ization committee. 

The  MSI  project  modeled  its  current 
approach  to  control  on  the  AMRF  hierar- 
chical control  paradigm.  The  MSI  testbed 
uses  a  "generic  controller"  which  can 
play  the  role  of  any  controller  in  the 
hierarchy,  except  for  machine-specific 
equipment  controllers.  By  running  sev- 
eral copies  of  the  same  generic  controller 
code,  a  control  hierarchy  can  be  con- 
structed. This  capability  is  used  by  a 
factory  configuration  management  tool 
also  developed  within  MSI,  which  can 
automatically  start  an  entire  control  hier- 
archy composed  of  multiple  copies  of  the 
generic  controller.  The  configuration 
management  tool  will  be  used  to  dynami- 
cally modify  the  control  hierarchy  during 
operations  as  new  systems  are  brought 
in  or  error  situations  arise. 

To  address  production  scheduling,  a 
commercial  scheduling  system  has  been 
integrated  into  the  MSI  testbed.  Transla- 
tors were  written  to  convert  between  its 
particular  formats  and  ALPS.  In  addition, 
this  manual  system  was  automated  for 
MSI  testing  and  can  be  invoked  over  the 
network  by  the  top  level  controller. 

For  more  informatton,  contact: 
Mark  Luce 

Bldg.220,Rm.A-127 
Telephone:  (301)  975-2802 
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•  NAVY 


Manufacturing 

Technology 

Program 


Recommended  Guidelines  For  Solderability 


BACKGROUND 

The  Navy's  Best  Manufacturing  Prac- 
tices (BMP)  program  office  has  been 
conducting  industry  surveys  since  1 985. 
These  surveys  focus  on  identifying  the 
best  practices  being  used  in  industry  and 
common  design  and  manufacturing 
problems.  Surveys  of  the  electronics  in- 
dustry consistently  reveal  that  the  most 
serious  and  prevalent  problem  with  elec- 
tronics manufacturing  is  solderability. 

When  the  Navy  hosted  its  first  BMP 
workshop  in  May  1 987,  a  portion  of  the 
workshop  was  devoted  to  discussing 
industry  wide  problems  and  potential 
solutions.  These  discussions  and  a  sur- 
vey of  the  attendees  substantiated  that 
solderability  is  the  number  one  concern 
within  the  electronics  industry. 

DIFFERENT  PRACTICES  WITHIN 
INDUSTRY 

It  was  also  clear  from  the  discussions 
that  different  companies  were  using  dif- 
ferent practices  to  address  the 
solderability  problem.  An  industry  repre- 
sentative recommended  that  the  best 
known  practices  for  controlling  solder- 
ability be  compiled  into  a  single  guideline 
document  which  could  be  used  to 
supplement  existing  specifications  and 
standards  and  provide  the  defense  elec- 
tronics industry  with  a  common  set  of 
proven  solderability  guidelines. 

Subsequently,  the  Navy  established 
an  ad  hoc  committee  staffed  by  technical 
experts  to  identify  the  best  design  prac- 
tices and  manufacturing  processes  for 
improved  solderability.  Their  final  result 
was  the  BMP  study,  "Recommended 
Guidelines  for  Solderability".  This  was 
published  in  July  1990. 


PURPOSE  OF  DOCUMENT 

The  document  provides  best  prac- 
tices for  improving  component  and 
Printed  Wiring  Board  (PWB)  solderabil- 
ity. It  included  recommended  guidelines 
for: 

•  Termination  finishes 

•  Solderability  tests 

•  Incoming  inspection  practices 

•  Environmental  controls 

•  Storage  containers. 

The  recommendations  are  based  on 
current  research  supported  by  practices 
that  have  been  proven  to  yield  high  qual- 
ity products.  Ongoing  research  may  shed 
new  light  on  soldering,  but  the  proce- 
dures recommended  represent  best 
practices  at  this  time. 

FOR  ALL  ELECTRONICS 

The  new  document  is  directed  to  all 
personnel  in  the  electronics  design, 
manufacturing,  and  procurement  pro- 
cess. Readers  who  have  direct 
responsibility  for  planning,  initiation,  and 
monitoring  the  soldering  process  will  find 
valuable  information  and  guidance  in  the 
publication  as  well  as  general  information . 

The  guidelines  are  intended  to  be 
used  as  a  reference  to  supplement  re- 
quirements where  existing  specifications 
are  known  to  be  insufficient.  They  are  not 
intended  to  supersede  contractual  re- 
quirements. 

MORE  INFORMATION 

A  copy  of  the  BMP  solderability 
guidelines  can  be  obtained  by  contact- 
ing the  Product  Integrity  Directorate, 
Office  of  the  Assistant  Secretary  of  the 
Navy  for  Research,  Development  and 
Acquisition,  (703)  602-2128/1505. 
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IVIASATech  Brief 

National  Aeronautics  and 
Space  Administration 

Langley  Research  Center,  Hampton,  Virginia 


Farley  Three-Dimensional-Braiding  Machine 

Fiber-reinforced  preforms  of  complicated  shapes  can  be  made. 


A  process  and  a  device  known  as  the 
Farley  three-dimensional-braiding  ma- 
chine have  been  conceived  to  fabricate 
dry  continuous  fiber-reinforced  preforms 
of  complex  three-dimensional  shapes  for 
subsequent  processing  into  composite 
structures.  There  are  numerous  textile 
processes  for  fabricating  dry  continuous  fi- 
ber-reinforced preforms.  Some  of  these 
techniques  are  restricted  to  planar  ma- 
terial forms  while  others  can  make  limited 
structural  shapes.  The  textile  processes 
can  generally  be  categorized  as  forms  of 
weaving,  knitting,  or  braiding.  All  such  cur- 
rent processes  have  significant  limitations 
with  regard  to  fabrication  of  fiber-rein- 
forced preforms  of  suitable  mechanical 
properties.  The  new  process  is  a  hybrid, 
one  that  combines  many  of  the  attributes 
of  the  weaving  and  braiding  processes 
with  other  attributes  and  capabilities. 

With  the  Farley  three-dimensional-braid- 
ing machine,  the  fiber  supplies  are  moved 
across  the  fiber-supply  surface  to  produce 
a  braiding  motion.  However,  the  shape  and 
movement  of  the  backplane  and  the  free- 
dom of  movement  of  the  fiber  supplies  pro- 
vides for  the  development  of  unique  fiber 
patterns.  Also  included  in  this  design  is  a 
mechanism  to  insert  fill  yarns  into  any  ele- 
ment of  the  preform  independently  of  any 
other  element.  A  pneumatic  comb  is  in- 
cluded to  compact  the  preform. 

The  fiber-supply  surface  consists  of 
multiple  surfaces,  some  moving  and  others 
stationary.  The  innermost  surface  is  the 
braiding  surface.  The  fiber  supplies  located 
on  the  braiding  surface  are  used  to  per- 
form the  braiding  motion.  The  braiding  sur- 
face consists  of  segments  that  are  moved 
in  the  braiding  process. 


Fiber 
Supply 


The  Robotic  Fiber 
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Fiber  supplies  move  along  and  between 
the  segments  in  a  prescribed  pattern.  Peri- 
odically, the  segments  are  moved  relative 
to  one  another  to  allow  the  insertion  of  fill 
yarns.  The  fiber-supply  path  on  the  braiding 
surface  can  be  oriented  in  either  a  Carte- 
sian or  a  polar  grid.  The  fiber  supplies  on 
the  Cartesian  and  polar  braiding  surfaces 
can  move  in  circumferential  and  radial  di- 
rections, respectively.  Fill-yarn  dispensers 
have  been  designed  for  both  Cartesian  and 
polar  braiding  procedures. 

The  fiber  supply  (see  figure)  is  a  self-pro- 
pelled robotic  device  that  dispenses  yarn 
as  it  traverses  the  braiding  surface.  The 
fiber  supply  includes  a  motor  for  propul- 
sion, power-  and  information-bus  pickups, 
wheels  or  tractors  to  move  along  the  track, 
and  a  yarn  bobbin.  The  computer  that  con- 
trols the  braiding  process  commands  the 
fiber  supply,  via  the  bus,  to  move  to  a  new 


position.  The  appropriate  fiber  supply  rec- 
ognizes the  command  and  moves  to  the 
new  position.  Each  segment  of  the  braiding 
surface  includes  a  device  for  combing  the 
braiding  yarns.  The  combing  device  tele- 
scopes out  of  the  braiding  segment  and 
pushes  the  braided  yarns  against  the  braid- 
ed preform. 

The  Farley  three-dimensional  braiding 
machine  can  be  employed  to  produce  fiber 
preforms  for  applications  other  than  com- 
posite materials  and  structures.  Other  ap- 
plications include  decorative  cloths,  rugs, 
and  other  domestic  textiles.  This  concept 
could  lead  to  a  large  variety  of  fiber  layups 
and  to  entirely  new  products  as  well  as 
new  fiber-reinforcing  applications. 

This  work  was  done  by  Gary  L  Farley 
of  Langley  Research  Center. 
LAR-13911/TN 
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Hot  Oil  Removes  Wax 

A  noncarcinogenic  solvent  replaces  a  carcinogenic  one 


Mineral  oil  heated  to  a  temperature  of 
250  °F  (121  °C)  has  been  found  effective 
in  removing  wax  from  workpieces  after 
fabrication.  (For  example,  one  might  have 
to  remove  wax  from  a  combustion-cham- 
ber or  heat-exchanger  cavity  that  had  been 
filled  with  wax  in  preparation  for  an  elec- 
troforming  or  other  fabrication  process.) 
The  heated  mineral  oil  serves  as  a  relative- 
ly safe  alternative  to  the  carcinogenic  and 
environmentally  hazardous  solvent  per- 
ch loroethylene,  which  has  commonly  been 
used  until  now  to  remove  wax. 

Depending  upon  the  size  and  shape  of 
the  part  to  be  cleaned  of  wax,  the  part  can 


be  immersed  in  a  tank  of  the  hot  oil,  and/or 
the  interior  of  the  part  can  be  flushed  with 
the  hot  oil.  A  pump,  fittings,  and  ancillary 
tooling  can  be  built  easily  for  this  purpose. 
After  cleaning,  the  innocuous  oil  residue 
can  be  washed  off  the  part  by  an  alkaline 
aqueous  degreasing  process. 

This  work  was  done  by  James  J. 
Herzstock  of  Rockwell  International  Corp. 
for  Marshall  Space  Flight  Center. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Marshall  Space  Flight  Center.  Refer  to 
MFS-29713/TN. 


George  C  Marshall 
Space  Flight  Center 

Technology  Utilization 
Officer:  Ismail  Akbay 
Code  AT01 
Marshall  Space  Flight 
Center, 
AL  35812 
(205)  544-2223 
Patent  Counsel: 
Leon  D.  Wofford,  Jr. 
Mail  Code  CC01 
Marshall  Space  Flight 
Center, 
AL  35812 
(205)  544-0024 
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Low-Wear  Bail-Bearing  Separator 

A  proposed  component  would  be  compatible  with  liquid  oxygen  or  hydrogen. 


A  proposed  ball-bearing  separator  for  use 
in  a  cryogenic  pump  would  be  stronger  and 
more  resistant  to  wear  than  is  the  present  sep- 
arator made  of  molded  polytetrafluoroethy- 
ene  (FTFE)  reinforced  with  glass  fibers.  The 
fibers  contribute  to  wear,  and  although  these 
fibers  strengthen  the  part,  it  is  still  prone  to 
failure. 

The  proposed  separator  would  consist  of 
a  molded  plastic-and-metal  composite  ring 
imbued  with  solid  lubricant  and  containing 
an  embedded  metal  ring  (see  figure).  The 
frame  would  provide  strength  and  rigidity, 
and  the  molded  wall  —  without  glass  fi- 
bers —  would  lubricate  the  balls. 

The  fabrication  of  the  separator  would 
begin  with  the  insertion  of  the  metal  ring  in 
the  cavity  of  a  compression  mold.  The  tool- 
ing portion  of  the  ring  would  be  clamped 
between  mating  sections  of  the  mold;  tool- 
ing pins  would  extend  between  the  sections 
of  the  mold  through  indexing  holes  in  the 
tooling  portion  of  the  metal  ring  to  lock  it 
in  position.  The  cavity  would  be  filled  with 
the  molding  material,  and  a  compression 
ram  would  mold  the  plastic  around  the  metal 
ring  at  a  suitable  pressure  and  temperature. 

The  molded  separator  would  be  removed 
from  the  mold  and  placed  on  a  lathe  or  mill- 
ing machine  (with  the  aid  of  the  indexing 
holes  in  the  tooling  portion  of  the  metal  ring) 
for  machining  of  the  inside  and  outside  wall 
surfaces  and  ball  pockets.  Finally  the  ex- 
posed tooling  portion  of  the  ring  would  be 
machined  away. 

The  metal  ring  would  be  machined  from 
forgings  or  plate  stock  of  a  material  appro- 
priate for  the  application.  For  example,  In- 
conel*  1-718  alloy  might  be  chosen  for  use 
in  oxygen,  while  440-C  corrosion-resistant 
steel  would  be  a  good  choice  for  use  in 
hydrogen. 

The  molded  composite  would  be  a  blend 
of  FTFE  and  fluorinated  ethylene/propylene 
(FEP)  filled  with  brass  and  bronze  powder 


The  Metal  Ring  would  be 
embedded  in  the  molded  wall 
(top)  to  obtain  a  combination 
of  strength  and  lubricity. 
Before  molding  and  machin- 
ing, the  ring  would  include  a 
tooling  portion  for  handling 
and  indexing. 


Tooling 
Portion 
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LOOKING  INWARD  ALONG  RADIUS 


COMPLETED  SEPARATOR 
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and  molybdenum  disulfide  powder.  The  FEP 
would  provide  bonding  to  the  metal  frame. 
The  FTFE  and  molybdenum  disulfide  would 
give  lubricity.  The  brass  and  bronze  powders 
would  impart  mechanical  stability  and  are 
known  from  previous  experience  to  be  com- 
patible with  oxygen. 

*"lnconel"  is  a  registered  trademark  of  the 
INCO  family  of  companies. 

777/s  work  was  done  by  Elden  L 
Hawkinson  of  Rockwell  International 
Corp.  for  Marshall  Space  Flight  Center. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel,  Mar- 
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Lubrication  of 
Nonconformal  Contacts 

Regimes  of  minimum- 
film-thickness  lubrication 
are  analyzed. 

A  report  discusses  advances  in  the  knowl- 
edge of  the  lubrication  of  nonconformal 
contacts  in  bearings  and  other  machine 
elements.  It  reviews  previous  develop- 
ments in  the  theory  of  lubrication,  presents 
advances  in  the  theory  of  lubrication  to  de- 
termine minimum  film  thickness,  and  de- 
scribes experiments  designed  to  investi- 
gate one  of  the  regimes  of  lubrication  for 
ball  bearings. 

The  lubrication  of  nonconformal  con- 
tacts is  characterized  by  low  contact  area 
and  high  unit  loading.  The  form  of  lubrica- 
tion normally  found  in  nonconformal  con- 
tacts is  elastohydrodynamic  lubrication 
(EHL).  Depending  on  the  effects  of  the 
elastic  deformation  and  the  variation  of  the 
viscosity  with  pressure,  four  regimes  of 
lubrication  can  be  defined:  isoviscous/ 
rigid,  isoviscous/elastic,  piezoviscous/ 
rigid,  and  piezoviscous/elastic. 

The  main  technical  discussion  begins 
with  the  development  of  minimum-film- 
thickness  results  for  the  piezoviscous/rigid 
regime  of  a  compressible  Newtonian  fluid 
with  Roelands  viscosity.  These  results  pro- 
vide a  basis  for  the  analysis  and  design  of  a 
wide  range  of  machine  elements  that  oper- 
ate in  the  piezoviscous/rigid  regime. 


The  second  major  feature  of  this  study  is 
the  development  of  a  numerical  method 
for  the  calculation  of  elastic  deformations 
in  contact  stresses.  A  biquadratic  polyno- 
mial is  used  to  approximate  the  pressure 
distribution  on  the  whole  domain  analyzed, 
and  the  deformation  of  every  node  is  ex- 
pressed as  a  linear  combination  of  the 
nodal  pressures,  the  coefficients  of  which 
can  be  combined  into  an  influence-coeffi- 
cient matrix.  This  approach  has  the  advan- 
tages of  higher  numerical  accuracy,  less 
computing  time,  and  a  smaller  storage-size 
requirement  for  the  matrix. 

The  theory  of  ideal  elastohydrodynamic 
lubrication  is  extended  to  real  bearing 
systems  to  get  a  better  understanding  of 
failure  mechanisms  in  machine  elements. 
The  improved  elastic-deformation  calcula- 
tion is  incorporated  into  the  EHL  numerical 
scheme.  Using  this  revised  numerical 
technique  and  the  flow-factor  model,  the 
effects  of  surface  roughness  on  the  elas- 
tohydrodynamic lubrication  of  point  con- 
tacts are  studied.  Conditions  typical  of  an 
EHL  contact  in  the  piezoviscous/elastic  re- 
gime entrained  in  pure  rolling  on  rough 
bearings  are  investigated.  Results  are  pre- 
sented to  demonstrate  the  effects  of  sur- 


face roughness  on  the  shape  of  the  film, 
the  distribution  of  pressure,  and  rolling  fric- 
tion in  a  ball  bearing. 

Experiments  to  study  the  transient  EHL 
effects  in  instrument  ball  bearings  are 
reported.  A  parched  subregime  of  elasto- 
hydrodynamic lubrication,  lying  between 
starved  and  mixed,  is  proposed  to  describe 
the  behavior  of  instrument  ball  bearings. 
The  parched  regime  is  characterized  by 
zero  flow  of  lubricant  outside  the  Hertz 
area,  slow  crossflow  inside  the  Hertz  area, 
and  long-term  transients  in  the  thickness  of 
the  film.  A  parched  bearing  demands  the 
least  driving  torque  and  has  the  best  spin- 
axis  definition  of  any  lubrication  regime 

This  work  was  done  by  Yeau-Ren  Jeng 
of  Lewis  Research  Center.  Further  infor- 
mation may  be  found  in  NASA  TM-87120 
[N8&13679],  "Lubrication  of  Nonconform- 
al Contacts." 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)  487-4650. 
Rush  orders  maybe  placed  for  an  extra  fee 
by  calling  (800)  33&4700. 
LEW-14882/TN 
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Software  Aids  Numerically  Controlled  Milling 
Programming 


Sandia  National  Laboratories  has  developed  a  soft- 
ware program  to  help  numerical  control  (NC)  engineers 
program  systems  used  in  computer-aided  manufactur- 
ing. 

The  program,  called  the  Milling  Assistant,  will  pro- 
duce substantial  reductions  in  programming  times.  Sav- 
ing programming  time  is  especially  important  for  com- 
plex parts  that  require  the  utility  of  NC  machining,  but 
are  not  mass  produced.  Programming  NC  machines  for 
such  parts  can  be  a  large  portion  of  total  production 
costs. 

The  Milling  Assistant  was  developed  by  Bill  Burd  of 
Sandia's  Computer-Aided  Manufacturing  Division  of  its 
Materials  Process  Engineering  and  Fabrications  Direc- 
torate. The  program  is  an  extension  of  capabilities 
contained  in  a  commercial  computer-aided  design/ 
computer-aided  manufacturing  (CAD/CAM)  software 
package,  ANVIL-5000™  by  Manufacturing  and  Con- 
sulting Services  Inc.  Sandia's  program  directs  ANVIL- 
5000  to  create  NC  Tool  Paths  by  simulating  the  input  of 
an  NC  engineer. 

Potential  economic  benefits  of  streamlining  and 
simplifying  CAD/CAM  usage  through  the  use  of  the 
Milling  Assistant  include  increased  competitiveness,  re- 
duced cost  for  produced  parts,  and  routine  use  of  avail- 
able CAD  databases. 

The  Milling  Assistant  does  not  eliminate  the  need 
for  a  programmer  and  planner,  but  it  simplifies  the  job. 
When  using  the  Milling  Assistant,  an  engineer  identifies 
part  features  (e.g.,  notches,  slots,  cutouts,  and  tapped 
holes),  determines  the  desired  machining  order,  verifies, 
and,  if  needed,  modifies  the  resulting  tool  paths.  Each 
feature  is  processed  by  a  geometry  analysis  program,  an 
expert  system,  and  an  action  program. 

The  expert  system  examines  the  feature  and  uses 
machining  rules  in  its  knowledge  base  to  anticipate  the 


choices  that  an  NC  engineer  would  make  in  areas  such  as 
cutting-tool  selection,  feed  rates  and  spindle  speeds, 
number  and  depth  of  base  and  side  cuts,  approach  and 
exit  methods,  plunge-point  locations,  finish  operations, 
and  spring  pass  requirements.  With  this  information, 
the  ANVIL-5000  system  then  produces  NC  tool  motion 
and  control  information  automatically,  although  the 
engineer  can  modify  any  step  of  the  process. 

Sandia  is  continuing  to  enhance  the  Milling  Assis- 
tant's store  of  knowledge  and  improve  production  capa- 
bilities. Currently  the  expert  system's  knowledge  data- 
base contains  rules  about  general  machining  operations. 
Future  systems  will  also  include  rules  to  represent 
process  procedures.  The  current  system  accommodates  a 
CAD  wire-frame  design  engineering  database,  but  future 
CAD/CAM  systems  will  contain  solid  modeling  informa- 
tion and  feature  definitions. 

Sandia  is  transferring  this  technology  through  its 
Technology  Maturation  Program.  New  Mexico  State 
University's  Industrial  Engineering  Department  has 
contracted  to  implement  a  personal  computer-based 
Milling  Assistant  to  demonstrate  to  small-  and  medium- 
sized  manufacturers.  NMSU's  goal  is  to  ready  the  Mill- 
ing Assistant  for  use  in  commercial  machine  shops,      a 
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Sandia  National  Laboratory 

Non-Contact  Sensor  Detects  Machined  Parts1  Rough 
Edges 


Sandia  National  Laboratories  has  developed  a  non- 
contact  sensor  that  detects  rough  edges  on  machined 
parts.  Coupled  with  a  robotic  cutting  tool  also  developed 
at  Sandia,  the  sensor  is  part  of  an  automatic  edge- 
finishing  system  that  could  greatly  reduce  manufactur- 
ing costs. 

Industry  sources  currently  estimate  that  manually 
finishing  and  inspecting  surfaces  account  for  approxi- 
mately a  third  of  the  costs  of  making  a  precision- 
machined  part. 

The  Sandia  edge  finishing  system  uses  sensors  and 
computers  to  determine  the  location  and  orientation  of 
workpieces  and  then  generates  a  path  for  a  robotic 
cutting  tool.  A  new  sensor  developed  by  Jim  L.  Novak 
and  Jamie  Wiczer  of  Sandia's  Intelligent  Machine  Divi- 
sion is  an  important  element  of  the  system  because  it 
allows  measurement  of  the  workpiece  surfaces  immedi- 
Jately  before  and  after  the  cutting  tool  has  passed  over 
them. 

Called  HIRCIS — for  High  Resolution  Capacitive 
Imaging  Sensor — the  Sandia  sensor  uses  a  measurement 
principle  that  allows  it  to  create  a  surface  image  of  a 
workpiece  without  mechanically  contacting  the 
workpiece.  As  a  non-contact  device,  HIRCIS  has  several 
practical  advantages  over  contacting  sensors.  It  is  not 
prone  to  erroneous  signals  or  excessive  wear  due  to 
machining-induced  vibrations  in  the  workplace,  and  it 
also  is  less  sensitive  to  misalignment  errors. 

Unprecedented  capability 

In  process-control  and  inspection  applications, 
HIRCIS  provides  a  technology  to  make  on-line  measure- 
ments of  a  broad  range  of  workpieces.  In  addition  to 
conventional  materials  typically  used  for  machined 
parts,  HIRCIS  can  also  sense  materials  too  hot,  delicate, 
corrosive,  abrasive,  or  contaminated  to  touch.  HIRCIS 
also  requires  no  electrical  connection  to  the  workpiece. 

The  capability  to  do  direct,  on-line  measurements 
did  not  exist  previously.  Related  measurement  tech- 
niques rely  on  mathematical  and  statistical  models  or 
visual  inspections  of  the  finished  edge  after  machining 
has  been  completed.  Other  measurement  techniques 
such  as  acoustic  emission  spectroscopy  provide  immedi- 
ate data,  but  they  measure  material  removal  rate  and  do 
lot  provide  an  indication  of  edge  smoothness. 

HIRCIS  works  by  measuring  changes  in  capaci- 
tance. The  measure  of  electrical  storage  capability,  ca- 
pacitance is  the  ratio  of  charge  stored  on  two  conductive 


surfaces  to  the  potential  difference  (voltage)  between 
these  two  surfaces.  When  a  third  piece  of  material — the 
workpiece — enters  the  electric  field  created  by  these  two 
charged  conductors,  the  capacitance  between  them  is 
altered.  Measurements  of  these  capacitance  changes 
allow  the  Sandia  sensor  to  delineate  surfaces,  edges,  and 
other  features. 

Mounted  on  a  translator  table,  coordinate  measur- 
ing machine,  CNC  (computer  numerically  controlled) 
machine,  or  robot  arm,  HIRCIS  can  be  directed  by 
computer  to  move  over  the  surface  to  be  measured.  The 
basic  sensor  has  two  electrodes,  which  generate  an 
electric  field  when  voltage  is  applied.  The  capacitance 
between  these  electrodes  varies  as  the  workpiece  is 
brought  within  the  effective  range  of  the  electric  field. 
Raised  discontinuities  (burrs),  beveled  edges  (chamfers), 
or  other  surface  variations  cause  capacitance  changes  in 
the  electric  field.  These  changes  are  picked  up  by  the 
sensor  as  analog  signals  and  relayed  to  a  computer, 
where  they  are  processed  to  identify  features  for  ma- 
chine control  and  graphical  display. 

When  multiple  sensors  are  placed  on  a  single  sub- 
strate, a  complete  two-dimensional  picture  of  the  sur- 
face is  created  with  a  single  mechanical  scan.  Wiczer  and 
Novak  have  developed  a  linear  array  of  16  sensors  that 
permits  complete  and  immediate  burr  measurements  in 
a  single  pass. 

Chamfer  measurements  also  can  be  made  by  on-line 
analysis  of  the  HIRCIS  data.  Currently,  chamfer  mea- 
surements on  precision  parts  are  off-line  and  extremely 
time-consuming.  Experimental  results  show  excellent 
agreement  between  the  HIRCIS  and  conventional  off- 
line measurements. 

The  U.S.  Department  of  Energy  has  filed  an  appli- 
cation for  a  patent  on  the  HIRCIS  and  is  currently 
pursuing  technology  transfer  and  licensing  agreements 
with  U.S.  industry.  a 
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O-Ring-Testing  Fixture 

Rings  can  be  evaluated  under  conditions  of  storage  and  use. 


A  fixture  tests  O-rings  for  sealing  ability 
under  dynamic  conditions  after  extended 
periods  of  compression.  The  fixture  makes 
it  possible  to  evaluate  the  effects  of  a  varie- 
ty of  parameters,  including  temperature, 
pressure,  rate  of  pressurization,  rate  and 
magnitude  of  radial  gap  movement,  and 
pretest  compression  time. 

The  fixture  moves  the  sealing  surface 
radially  away  from  the  O-ring  under  test 
and  slides  the  sealing  surface  axially 
across  the  ring.  It  also  stores  the  O-ring 
under  compression  under  any  of  various 
environmental  conditions  before  it  is  tested. 

A  conical  plug  holds  the  O-ring  under 
test  in  a  groove  in  its  tapered  outer  wall 
(see  figure).  The  plug  fits  in  a  similar  conical 
hole  in  a  housing.  A  shim  is  placed  in  the 
housing  so  that  it  lies  directly  under  the 
plug  when  the  components  are  bolted  to- 
gether. The  thickness  of  the  shim  deter- 
mines the  compression  applied  to  the 
O-ring  while  it  is  stored. 

When  the  time  comes  to  test  the  O-ring 


The  Hydraulic  Cylinder  Moves  the  Plug  in 

the  housing.  The  taper  of  1 5°  on  the  plug  and 
the  cavity  of  the  housing  ensures  that  a  gap  is 
created  between  the  O-ring  under  test  and  the 
wall  of  the  cavity.  Secondary  O-rings  above 
and  below  the  test  ring  maintain  the  pressure 
applied  to  the  test  ring. 


dynamically,  the  assembled  plug  and  hous- 
ing are  placed  in  a  test  stand.  An  upper 
section  is  bolted  to  the  plug  with  a  torque 
wrench,  and  the  bolts  joining  the  plug  to  the 
housing  are  removed.  This  procedure  en- 
sures that  the  compression  on  the  O-ring  is 
not  reduced  during  the  preparation  for  the 
dynamic  test.  A  hydraulic  cylinder  is  then 
attached  to  the  upper  section. 

Pressure  is  applied  to  the  space  below 
the  O-ring  through  ports  in  the  plug.  (Auxili- 
ary rings  above  and  below  the  test  ring  en- 
able pressurization  and  measurement  of 
leakage.)  The  hydraulic  cylinder  is  raised  a 
preset  distance  at  a  preset  rate,  sliding  the 
ring  axially  on  the  housing  and  creating  a 
radial  gap  between  the  ring  and  the  hous- 
ing. Pressure  sensors  in  the  housing  above 
and  below  the  O-ring  monitor  leakage. 

This  work  was  done  by  James  E.  Turner 
and  D.   Scott  McCluney  of  MarhsalU 
Space  Flight  Center.  " 

MFS-28414/TN 
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Barriers  Identified  for  Use  of  Polymer  Composites 


The  most  important  technical  barrier  to  improved  polymer  composite  processing  for  the  next  5  to  15  years  is 
industry's  inability  to  control  resin  flow  and  fiber  orientation,  said  a  group  of  24  leading  composite  users,  suppliers, 
and  fabricators  in  a  1990  workshop  at  NIST.  The  workshop  was  the  second  meeting  at  NIST  in  which 
representatives  from  industry  were  asked  to  target  the  most  critical  scientific  and  technical  barriers  in  composite 
processing  and  to  identify  the  serious  performance  issues  that  producers  must  address  to  meet  increasing 
international  competition.  The  industry  group  strongly  supported  conclusions  from  an  earlier  meeting,  which 
ranked  pressure  molding  and  liquid  molding  as  the  two  most  important  polymer  processing  methods  for  the  future. 
Process  monitoring  and  the  measurement  and  control  of  fiber-matrix  adhesion  also  were  given  high  priority. 
Impact  damage  and  environmental  attack  were  selected  as  critical  performance  issues  for  all  industry  sectors. 

FOR  ADDITIONAL  INFORMATION:  For  a  copy  of  the  report,  Second  Industry  Workshop  on  Polymer 
Composite  Processing  (NISTIR  4461),  send  a  self-addressed  mailing  label  to  A209  Polymer  Bldg.,  NIST, 
Gaithersburg,  Md.  20899;  301/975-6837. 
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Ferrite  Prediction  Diagram  Adopted  as  Part  of  Code 


A  ferrite  prediction  diagram,  developed  in  a  cooperative  program  between  NIST  and  the  Colorado  School  of  Mines, 
has  been  adopted  as  part  of  the  American  Society  of  Mechanical  Engineers'  Boiler  and  Pressure  Vessel  Code,  Fall 
1990  addendum.  This  is  one  of  the  most  important  safety  codes  in  the  world  as  it  controls  much  of  the  construction 
of  large  and  complex  vessels  for  applications  such  as  petroleum  and  chemical  processing.  Many  severe 
environments  require  the  use  of  stainless  steel  vessels,  and  the  code  contains  guidance  on  their  construction.  The 
amount  of  ferrite  in  these  vessels  is  important  because  it  controls  the  cracking  resistance  and  corrosion  resistance  in 
the  welds.  The  NIST-School  of  Mines  diagram  is  considered  to  be  a  substantial  improvement  over  the  1974 
diagram,  which  it  replaces. 

FOR  ADDITIONAL  INFORMATION:  Contact  Thomas  Siewert,  Div.  430,  NIST,  Boulder,  Colo.  80303;  303/497- 
3523. 
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National  Center  for  Excellence  in  Metalworking  Technology  (NCEMT) 


Metallography  for  Materials  Characterizations 


The  NCEMTs  Metallography  Labo- 
ratory contains  several  items  of 
metallography  equipment.  One  of  the 
primary  investigative  tools  in  the  labora- 
tory is  the  Olympus  PMG3  Metallograph 
with  a  Leco  2001  Image  Analysis  System. 
The  PMG3  is  an  optical  microscope  that 
enables  the  user  to  view  metal  or  alloy 
structures  at  magnifications  up  to  1 0OOx. 
The  PMG3  is  also  equipped  with  a  zoom 
capability.  Using  a  zoom  factor  of  15x 
with  the  100x  objective  will  yield  the 
highest  photographic  magnification  of 
1500X. 

The  photographic  capabilities  of  the 
PMG3  are  large  format  4"  x  5"  and  small 
format  3  1 1  A"  x  4 1 12"  polaroid  as  well  as 
35mm  negatives  or  slides,  in  color  or 
black  and  white.  The  filter  system  has  1 0 
different  filters  to  enhance  the  image  as 
well  as  dark  field,  polarized  light,  and 
complete  differential  interference  con- 
trast (Numarski)  capabilities.  In  addition 
to  the  still  photo  cameras,  a  black  and 
white  video  camera  feeds  a  live  image  to 


the  Leco  2001  Image  Analysis  System. 
The  Leco  2001  is  a  386-based  com- 
puter image  analysis  system.  The  image 
is  captured  by  the  2001  system  and 
digitized  according  to  256  different  gray 
levels.  The  resulting  image  may  then  be 
enhanced  to  reveal  regions  of  interest 
and  then  transformed  into  a  binary  im- 
age. Once  the  binary  image  is  obtained, 
field  measurements,  feature  measure- 
ments or  direct  measurements  can  be 
made.  Field  measurements  include  total 
area,  feature  count,  grain  size  (per 
ASTMR-112),  grain  size  as  area,  and 
percent  area.  There  are  thirty  feature 
measurements  available,  of  which  any 
six  can  be  selected  simultaneously.  Some 
of  the  more  widely  used  feature  mea- 
surements are  feature  area,  feature 
perimeter,  feature  ferets  (eight  direc- 
tions), x-y  coordinate, feature  roundness, 
aspect  ratio,  roughness,  projections, 
and  equivalent  diameter.  The  threedirect 
measurements  are  tape  (linear),  curve 
length,  and  profile.  Once  the  desired 
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measurements  are  made,  both  the  im- 
age and  the  results  can  be  saved  on 
magnetic  media.  The  Leco  allows  the 
results  to  be  displayed  as  either  a  his- 
togram or  as  statistical  data 

The  analytical  capabilities  of  the  2001 
system  are  enhanced  by  a  completely 
automated  stage  capable  of  memorizing 
99  different  coordinates,  either 
preselected  in  a  pattern  or  randomly 


selected  by  the  user.  A  typical  analysis 
routine  such  as  nodularity  count,  round- 
ness, and  percent  area  can  be 
accomplished  in  approximately  thirty 
seconds. 

For  more  informatbn,  contact: 
Gabriel  Lucas 

Material  Testing  Lab  Coordinator 
Telephone:  (814)  269-2476 
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Low-Thermal-Conduction  Links  for  Silicon  Sensors 

Surface  etching  reduces  conduction  and  allows  sturdier  links. 


A  simple  method  of  texturing  the  sur- 
face of  silicon  reduces  the  thermal  con- 
ductivities of  links  in  silicon  x-ray  calorime- 
ters and  infrared  bolometers.  In  monolithic 
design,  the  sensor  devices,  thermal  links, 
electrical  leads,  and  mechanical  supports 
are  all  part  of  the  same  silicon  structure. 
Until  now,  the  thermal  links  to  the  cold  bath 
have  been  made  long  and  thin  or  else  in 
complicated  shapes  to  minimize  heat  trans- 
ferred through  them  from  the  detector  to 
the  cold  bath.  Such  links  are  fragile  and 
have  low  vibrational  frequencies. 

Now,  however,  a  textured  surface  gives 
the  links  a  high  density  of  phonon  scatter- 
ing sites  that  reduce  the  conduction  of 
heat.  Therefore  the  links  can  be  made  short- 
er and  more  robust.  For  10-/im-thick  tex- 
tured thermal  links  we  measure  a  thermal 
conductance  of  2x10~11  W/K.  To  obtain 
this  conductance  without  texturing,  the 
thermal-link  thickness  must  be  reduced  to 

4  fjxn. 

A  dilute  solution  of  the  anisotropic  silicon 
etchant  ethylene  diamine  pyrocatechol 
(EDP)  is  applied  to  the  thermal  links  to  pro- 
duce small,  dense,  randomly  positioned 
pyramids  ranging  in  size  from  about  1  to 

5  /xm  (see  figure).  The  pyramid  texture  scat- 
ters phonons  effectively.  The  texturing  proc- 
ess is  independent  of  the  design  of  the 
monolithic  sensor  structure. 

The  texturing  technique  has  been  used 
in  making  x-ray  calorimeters  and  is  expect- 
ed to  be  used  soon  in  making  infrared  bo- 
lometers. It  should  be  applicable  to  any 
microelectronic  device  in  which  a  high  de- 
gree of  thermal  isolation  is  needed. 

This  work  was  done  by  D.  Brent  Mott  of 
Goddard  Space  Flight  Center. 
GSC-13321/TN 


Irregular  Pyramids  form  a  texture  on  the  surface  of  silicon.  These  scanning  electron  micro- 
graphs show  two  such  surfaces  (at  0°  and  45°  incidence)  that  were  exposed  to  a  dilute 
solution  of  EDP  for  5  min  at  95  °C  Sizes  can  be  estimated  by  use  of  the  5-  and  10-/*m  scale 
lines  near  the  tops  of  the  photographs. 
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Modified  Furnace  Makes  More  Silicon  Ribbon 

A  simple  change  in  the  lid  and  heat  shields  makes  faster  growth  rates  possible. 


The  rate  of  growth  of  silicon  ribbon  by 
the  dendritic-web  process  is  increased  by 
a  modification  in  the  lid  of  the  growth  cruci- 
ble. The  modified  furnace  produces  silicon 
ribbon  at  the  rate  of  8.9  cm2/min  —  44  per- 
cent higher  than  the  previous  rate. 

In  the  modified  furnace,  the  slots  in  the 
shields  that  make  up  the  lid  grow  pro- 
gressively wider  from  the  bottom  to  the  top 
of  the  lid  (see  figure).  This  allows  the  ribbon 
to  cool  faster  by  radiation.  As  a  result,  the 
crucible  can  be  maintained  at  a  higher 
temperature,  the  5.8-cm-wide  ribbon  is 
thicker,  and,  therefore,  the  ribbon  can  be 
pulled  faster. 

The  new  lid  has  made  it  possible  to  at- 
tain a  record  high  production  rate  of  54,000 
cm2  per  week.  It  will  be  used  in  a  pilot  pro- 
duction line  to  demonstrate  dendritic-web 
technology. 

This  work  was  done  by  Paul  A. 
Piotrowski  of  Westinghouse  Electric  Corp. 
for  NASA's  Jet  Propulsion  Laboratory. 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title 
to  this  invention.   Inquiries  concerning 


rights  for  its  commercial  use  should  be 
addressed  to 

A. P.  ladicicco 

Intellectual  Property  Dept. 

Westinghouse  Electric  Corp. 

1310  Beulah  Road-Churchill 

Pittsburgh,  PA  15235 
Refer  to  NPO-17350/TN. 

Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354^849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  for  JPL:  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 


The  Stack  of  Heat  Shields  in  the  lid  of  the 
crucible  has  progressively  wider  slots.  The 
setbacks  allow  the  silicon  ribbon  to  radiate 
heat  faster  as  it  emerges  from  the  melt 
through  the  slots. 
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Molecular-Beam  Epitaxy  of  lrSi3 

In  experiments,  lrSi3  was  formed  at  the  lowest  reported  temperatures. 


Molecular-beam  epitaxy  grows  layers  of 
iridium  silicide  (IrSi^  on  silicon  at  temper- 
atures of  630  to  800  °C.  The  formation  of 
lrSi3  by  prior  techniques  required  anneal- 
ing at  1 ,000  to  1 ,100  °C.  The  new,  lower  for- 
mation temperature  is  expected  to  enable 
the  growth  of  arrays  of  lrSi3/Si  infrared  de- 
tectors on  Si  wafers  without  thermally  dam- 
aging image-processing  circuitry  integrated 
on  the  wafers. 

lrSi3  is  particularly  useful  as  a  photode- 
tector  material  because  it  forms  Schottky 
diodes  that  have  potential  barriers  of  only 
0.12  to  0.15  eV  —  the  lowest  of  any  metal 
on  silicon.  These  photodiodes  are  sensitive 
to  infrared  radiation  at  wavelengths  as  large 
as  8  to  10  fim. 

Until  now,  an  array  of  iridium/silicon  pho- 
todiodes has  typically  been  made  by  de- 
positing a  layer  of  pure  iridium  on  a  silicon 
substrate  by  evaporation,  then  annealing  the 
structure  to  convert  the  layer  to  stable  lrSi3. 
Unfortunately,  mixtures  of  Ir  and  IrSi,  IrSi  and 
lrSi1 75,  and  lrSi1 75  and  lrSi3  also  appear  in 
the  layer,  producing  a  high  series  resistance 
and  variations  in  the  heights  of  the  Schott- 
ky barriers.  These  unwanted  materials  are 
eliminated  if  the  annealing  temperature  is 
greater  than  1,000  °C,  but  the  integrated  cir- 
cuitry in  the  silicon  cannot  survive  such  high 
temperatures. 

With  molecular-beam  epitaxy,  in  contrast, 
iridium  and  silicon  are  deposited  on  the 
silicon  wafer  in  the  stoichiometric  ratio  of 
1  to  3.  Stable  lrSi3  thus  forms  on  the  wafer 
surface,  without  unwanted  metallic  iridium 
or  compounds.  The  process  takes  place  in 


730  °c 


0.5  /jm 


800  °C 


These  Scanning  Electron  Micrographs  show  the  surfaces  of  films  of  lrSi3  deposited  to  a 
thickness  of  77  A  on  Si  substrates.  The  temperatures  are  those  of  the  substrates  during 
deposition. 


vacuum,  and  the  silicon  substrate  can  be 
cleaned  in  place,  just  before  deposition 
starts,  to  ensure  a  good  starting  surface  for 
the  lrSi3  layer. 

The  deposited  layers  become  epitaxial 
as  the  substrate  temperature  during  deposi- 
tion is  raised  above  630  °C.  A  smooth  sur- 
face morphology  of  the  layer  is  observed 
for  the  substrate  temperature  below  680  °C 


(see  figure).  At  higher  temperatures,  the  qual- 
ity of  the  surface  deteriorates,  and  islands 
of  lrSi3  form. 

This  work  was  done  by  True-Lon  Lin  of 
Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  NP0-17953/TN 
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Open-Section  Composite 
Structural  Elements 

Superior  mechanical 
properties  of  composites 
may  overcome  the  inherent 
instabilities  of  open  sections. 


A  report  describes  an  investigation  of 
the  manufacture  and  the  mechanical  prop- 
erties of  graphite-fiber/aluminum-matrix 
open-section  structural  elements;  e.g., 
channels  and  angle  bars.  The  investigation 
was  conducted  with  a  view  toward  using 
such  elements  to  build  lightweight,  thermal- 
ly stable  truss  structures  in  outer  space. 
The  same  characteristics  that  make  them 
attractive  for  that  application  also  make 
them  attractive  for  such  specialized  ter- 
restrial applications  as  transport  to,  and  as- 
sembly at,  remote  or  otherwise  uninviting 
locations. 

The  advantages  of  open-section  struc- 
tural elements  include  shapes  that  permit 
high  packing  density  during  shipmenf;  con- 
venient paths  for  routing  tubes,  hoses,  and 
cables;  accessibility  of  both  inner  and  outer 
surfaces  for  repair;  and  ease  of  attachment 
of  additional  hardware.  In  addition,  in  com- 
parison with  closed-section  structural  ele- 
ments (e.g.,  box  beams  and  tubes),  open- 
section  elements  are  easier  and  require 
less  equipment  to  fabricate,  and  are  more 
amenable  to  automated  fabrication  and 
assembly  at  the  remote  site.  The  primary 
disadvantage  of  open-section  structural 
elements  is  that,  in  comparison  with  closed- 
section  structural  elements,  they  are  not  as 


resistant  to  some  kinds  of  deformation  un- 
der load.  In  particular,  bending  and  torsional 
loads  tend  to  change  the  shapes  of  the 
cross  sections  in  such  a  way  as  to  make 
open-section  elements  more  vulnerable  to 
buckling. 

Accordingly,  one  of  the  objectives  in  this 
investigation  was  to  exploit  the  tailorable 
anisotropy  of  the  composite  material  to 
strengthen  the  open-section  elements 
against  buckling.  The  general  approach  in- 
volves (1)  aligning  most  of  the  fibers  along 
the  longitudinal  axis  to  increase  the  buckl- 
ing strength  by  increasing  the  longitudinal 
modulus  of  elasticity  and  (2)  aligning  some 
of  the  fibers  at  off-axis  angles  to  increase 
the  transverse  modulus  of  elasticity,  there- 
by increasing  the  resistance  to  changes 
in  the  shape  of  the  cross  section  and  fur- 
ther decreasing  the  susceptibility  to  buckl- 
ing. 

Another  objective  was  to  exploit  the  tail- 
orable thermal-expansion  properties  of  the 
composite  material  to  obtain  overall  ther- 
mal stability.  High-modulus-of-elasticity,  pitch- 
based  graphite  fibers  have  a  negative  coef- 
ficient of  thermal  expansion  along  their 
lengths,  while  aluminum  has  a  positive  co- 
efficient. By  combining  the  two  materials 
in  suitable  proportions  and  fiber  orienta- 


tions, one  can  obtain  a  composite  that  has 
low  or  zero  thermal  expansion,  at  least  in 
some  temperature  range.  Struts  made  of 
such  a  material  would  be  particularly  use- 
ful in  frames  that  support  precise  optical  in- 
struments. 

During  the  investigation,  four  structural 
elements  in  each  of  three  different  con- 
figurations were  made  from  unidirectional 
P100  graphite  fibers  in  a  matrix  of  6061 
aluminum.  The  graphite  occupied  about 
half  the  volume  of  the  composite.  In  addi- 
tion, two  truss  structures  were  made  of  ex- 
truded struts  of  alumium  reinforced  with 
boron  carbide  (B4C)  particles.  Several  dif- 
ficulties were  encountered  in  the  fabrica- 
tion of  the  graphite/aluminum  specimens. 
The  major  difficulty  was  the  maintenance 
of  the  required  uniformity  of  temperature 
in  the  region  undergoing  deformation.  The 
structures  made  of  the  AI/B4C  composite 
were  fabricated  with  little  difficulty.  This 
material  is  relatively  inexpensive,  and  struc- 
tures can  be  made  from  it  by  conventional 
manufacturing  processes. 

This  work  was  done  by  T.A.  Loftin, 
C.A.  Smith,  S.J.  Raheb,  and  AM  Nowitzky 
of  DWA  Composite  Specialties,  Inc.  for 
Marshall  Space  Flight  Center. 
MFS-26112/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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NIST  Technology  Update 


•    National  Institute  of  Standards  &  Technology 
U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 


New  Method  Predicts  Product  Fire  Risk 


Combining  traditional  methods  of  analyzing  a  product's  fire  risk  with  powerful  new  computing  tools,  a  team  of 
researchers  from  NIST's  Center  for  Fire  Research  and  private  industry  has  developed  a  new  way  to  measure  the 
life-safety  risk  of  a  combustible  product.  The  method  can  predict  whether  fire  fatalities  would  increase  or  decrease 
if  a  product's  fire  performance  characteristics  were  changed.  The  $1,000,000  project  was  funded  by  a  consortium 
of  manufacturers  and  trade  associations  through  the  National  Fire  Protection  Research  Foundation.  The  new 
technique  uses  HAZARD  I,  a  computer  model  developed  by  NIST,  together  with  statistics  on  past  fires  and 
information  from  fire  tests.  Combining  all  of  these  methods  allows  researchers  and  others  to  predict  not  only  the 
probability  and  outcome  of  an  individual  fire,  but  also  to  sketch  a  picture  of  fires  involving  a  particular  product  on 
a  national  scale. 

FOR  ADDITIONAL  INFORMATION:  A  series  of  reports  describing  the  method  and  ways  to  use  it  is  available 
from  the  National  Fire  Protection  Research  Foundation,  1  Batterymarch  Park,  Quincy,  Mass.  02269. 
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NIST  Technology  Update  0pL;-S? 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899  f 

Patent  Issued  for  'Standard  Crack' 


NIST  researchers  have  received  a  patent  for  a  reference  standard  and  a  method  for  manufacturing  that  standard  for 
use  in  calibrating  eddy  current  testing  systems.  These  systems  are  used  by  the  airline  industry,  among  others,  to 
detect  cracks  and  other  signs  of  metal  fatigue  in  aircraft.  Until  now,  a  difficulty  of  the  eddy  current  technique  has 
been  the  lack  of  well-defined  "flaws"  that  accurately  simulate  fatigue  cracks.  Thomas  E.  Capobianco  of  NIST's 
Electromagnetic  Technology  Division,  Boulder,  Colo.,  and  his  collaborators  have  produced  a  reference  standard 
from  a  block  of  metal  that  is  deformed  by  an  indentation  tool  to  provide  a  notch  of  prescribed  dimensions.  The 
reference  standard  is  compressed  to  close  the  notch  and  can  then  be  used  to  calibrate  an  eddy  current  measurement 
system. 

FOR  ADDITIONAL  INFORMATION:  For  licensing  information  contact  Bruce  Mattson,  Office  of  Technology 
Commercialization,  A343  Physics  Bldg.,  Gaithersburg,  Md.  20899.  For  more  information  on  the  standard,  contact 
Thomas  Capobiance,  Div.  724.05,  NIST,  Boulder,  Colo.  80303;  303/497-3141. 
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IWNSATech  Brief 


National  Aeronautics  and 
Space  Administration 


NASA's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Testing  Conductive  Films  for  Continuity 

A  noncontacting,  nondestructive  apparatus  detects  discontinuities. 


An  apparatus  tests  thin  conductive  films 
for  continuity  without  touching  them.  The 
apparatus  thus  avoids  the  damage  to  the 
film  and  the  error  from  contact  resistance 
that  might  result  from  touching  the  film  with 
a  conventional  probe. 

The  apparatus  was  developed  to  deter- 
mine the  integrity  of  conductive  coats  ap- 
plied to  the  surfaces  of  dielectric  materials 
to  inhibit  the  accumulation  of  electrostatic 
charges.  During  handling,  a  film  can  be- 
come cracked,  and  the  cracks  can  reduce 
its  conductance. 

A  10keV  diverging  electron  gun  nearly  uni- 
formly irradiates  the  specimen  of  conduc- 
tive film  on  its  substrate  while  the  edge  of 
the  specimen  is  connected  to  ground.  Then 
a  scanning  platform,  on  which  the  specimen 
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is  mounted,  is  moved  horizontally  to  scan 
a  noncontacting  electrostatic  probe  across 
the  surface  of  the  film  (see  figure). 

Where  the  film  is  locally  in  good  electrical 
contact  with  ground,  it  readily  drains  away 
the  incident  electrons,  and  the  probe  senses 
ground  potential  on  the  film.  Where  the  film 
is  locally  surrounded  by  cracks  that  discon- 
nect it  from  ground  or  where  the  film  con- 
tains holes  that  expose  the  dielectric,  the 
electron  charge  builds  up,  and  the  probe  can 
sense  a  potential  as  great  as  -  8,000  V.  The 
probe  can  thus  readily  identify  defects. 

This  work  was  done  by  Philip  L  Leung 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  NP0-17938/TN 


The  Specimen  is  Irradiated  with  10-keV 
electrons;  then  the  noncontacting  electrostatic 
probe  scans  the  specimen  and  measures  the 
charge  on  the  spot  directly  under  it. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Medicine  &  Biology 


0510  Crew  System  Ergonomics  Information  Analysis  Center 

051 1  Repository  of  Cryopreserved  Mouse  Embryos 

051 2  Transgenic  Mouse  Facility 

0513  Displaying  Computer  Simulations  of  Physical  Phenomena— Visual, 
aural,  tactile,  and  kinesthetic  effects  can  be  used  to  teach  such  physical 
sciences  as  the  dynamics  of  fluids. 

051 4  Effect  of  Bed  Rest  on  Tolerance  to  Acceleration — Paradoxically, 
physically  fit  people  lose  tolerance  to  acceleration  after  bed  rest  more 
than  sedentary  people  do. 

Testing  &  Instrumentation 

0515  Laser-Induced  Fluorescence  to  Diagnose  Atherosclerosis 

0516  Two-Wavelength  Interferometric  Keratometer — Strongly  aspherical 
surfaces  could  be  measured  precisely. 
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Technology  Applications 


Crew  System  Ergonomics  Information  Analysis 
Center 


CSERIAC  provides  a  variety  of  products  and  services  to  accomplish  its  core  mission,  to  incorporate  crew  system 
ergonomics  in  the  design  and  operation  of  human-machine  systems.  Crew  system  ergonomics  information  is 
scientific  and  technical  knowledge  and  data  concerning  human  characteristics,  abilities,  limitations,  physiological 
needs,  performance,  body  dimensions,  biomechanical  dynamics,  strengths,  and  tolerances.  It  also  includes 
engineering  and  design  data  concerning  equipment  and  systems  intended  to  be  used,  operated,  maintained,  or 
controlled  in  sea,  land,  air,  and  space  environments. 

The  objective  of  CSERIAC  is  to  support  the  requirements  of  the  Department  of  Defense,  other  government 
agencies,  and  industry  for  incorporating  crew  system  ergonomics  in  the  design  and  operation  of  human-machine 
systems.  To  achieve  this  objective,  CSERIAC  has  established  a  network  among  relevant  knowledge  sources  on  an 
international  scale  and  has  developed  the  media  to  draw  upon  this  expertise  to  solve  problems,  achieve  expert 
consensus,  and  plan  for  the  most  effective  use  of  ergonomics  information. 

What  specific  products  and  services  does  CSERIAC  provide?  CSERIAC  uses  a  broad  range  of  media  to 
accomplish  its  mission.  Various  information  products  are  periodically  developed  including  handbooks  and  data 
books,  state-of-the  art  reports,  critical  reviews  and  technology  assessments,  research  directories,  abstracts  and 
indexes,  current  awareness  bulletins,  and  training  materials.  In  addition,  CSERIAC  offers  a  variety  of  services 
including  responding  to  technical  and  bibliographic  inquiries,  providing  support  for  revision  and  development  of 
military  standards  and  specifications,  maintaining  and  implementing  computer-based  models  of  human  operators, 
and  facilitating  technology  transfer.  Each  year  CSERIAC  sponsors  symposia,  workshops,  and  short  courses  to 
apprise  scientists  and  engineers  of  important  developments  in  crew  system  ergonomics  and  to  provide  opportunities 
for  professional  development.  Finally,  CSERIAC  is  strategically  positioned  to  respond  to  special  tasking  by 
government  agencies. 

Is  CSERIAC  a  "meta-database"  which  takes  over  the  functions  of  existing  individual  databases?  Absolutely  not. 
The  purpose  of  CSERIAC  is  information  analysis  rather  than  archival  storage.  Hence,  CSERIAC's  goal  is  not  to 
replace  or  duplicate  existing  databases,  but  to  provide  a  gateway  to  them.  A  gateway  provides  a  single  access  point 
that  helps  in  selecting  the  most  appropriate  information  sources  to  answer  user  questions.  In  addition  to  computer- 
based  information  sources,  CSERIAC  facilitates  contact  and  interaction  with  leading  experts  in  crew  system 
ergonomics. 

Who  may  use  CSERIAC's  services?  CSERIAC  primarily  supports  the  Department  of  Defense  (DoD)  and  other 
governmental  organizations,  as  well  as  United  States  Government  contractors.  It  is  also  available  to  other  types  of 
users  including  academic  and  corporate,  at  bom  the  domestic  and  international  levels  to  the  extent  practicable 
within  DoD  security  guidelines  and  DoD  policy  regarding  the  handling  of  information  on  military  critical 
technologies.  All  military  services  may  request  CSERIAC  assistance.  To  ensure  the  CSERIAC  maintains  a 
cosmopolitan  rather  than  a  provincial  support  role,  its  policy  is  governed  by  a  steering  committee  consisting  of 
representatives  from  the  Army  (Human  Engineering  Laboratory;  Army  Research  Institute:  MANPRINT),  the  Air 
Force  (Armstrong  Aerospace  Medical  Research  Laboratory;  Aeronautical  Systems  Division),  the  Navy  (Naval  Air 
Development  Center;  Office  of  Naval  Research),  NASA  (Johnson  Space  Center),  and  the  Federal  Aviation 
Administration. 
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Who  runs  CSERIAC  and  where  is  it  located?  CSERIAC,  a  Department  of  Defense  organization,  is  hosted  by  the         (^ 
Armstrong  Aerospace  Medical  Research  Laboratory  (AAMRL),  is  located  on  Wright-Patterson  Air  Force  Base  near 
Dayton,  Ohio,  and  is  managed  by  the  University  of  Dayton  Research  Institute. 

How  should  I  contact  CSERIAC?  CSERIAC  can  be  contacted  by  mail,  telephone,  electronically  (computer-based), 
or  in  person.  Users  are  encouraged  to  request  information  services  directly  from  CSERIAC  when  information 
analyses,  evaluations,  or  judgments  are  needed.  Special  tasks  require  approval  by  the  CSERIAC  program  manager. 
In  general,  services  are  on  a  cost-recovery  basis. 

To  receive  further  information  and  subscribe  to  current  awareness  bulletins  and  newsletters,  send  your  request  to 
the  CSERIAC  Program  Office  at  the  addresses  listed  below. 

Lawrence  D.  Howell,  Ph.D.,  CSERIAC,  Associate  Director,  (513)255-4842,  AUTOVON  785-4842.  Internet 
Address:  LHOWELL%MERLIN@AAMRL.AF.MIL. 

Donald  J.  Polzella,  Ph.D.,  CSERIAC,  Chief  Scientist,  (513)255-4842,  AUTOVON  785-4842.  Internet  Address: 
DPOLZELLA%MERLIN@  AAMRL.AF.MIL. 

Major  Philip  A.  Irish  III,  Ph.D.,  DoD  Program  Manager,  (513)255-8801,  AUTOVON  785-8801.  Internet  Address: 
PIRISH%FALCON@AAMRL.AF.MIL. 

Kenneth  R.  Boff,  Ph.D.,  DoD  Technical  Director,  (513)255-7596/7589,  AUTOVON  785-7596/7589.  Internet 
Address:  KBOFF%FALCON@AAMRL.AF.MIL. 

FOR  ADDITIONAL  INFORMATION:  Contact  Crew  System  Ergonomics  Information  Analysis  Center, 
AAMRL/HE/CSERIAC,  Wright-Patterson  AFB,  Ohio  45433-6573;  (513)255-4842. 
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Federal  laboratory  resource 


Research  &  Technology 

U.S.  Department  of  Health  and  Human  Services    Public  Health  Service    National  Institutes  of  Health 

Repository  of  Cryopreserved  Mouse  Embryos 


About  750,000  mouse  embryos  are 
deep-frozen  in  liquid  nitrogen  at  the 
cryopreservation  laboratory  of  the 
Jackson  Laboratory  in  Bar  Harbor, 
Maine,  for  protection  against  natural 
and  manmade  disasters  and  to  pro- 
vide specimens  shielded  from  generic 
drift.  The  frozen  embryos  represent 
750  of  the  1,700  strains  of  mice  main- 
tained at  the  Jackson  Laboratory 
either  by  cryopreservation  or  conven- 
tional breeding.  The  cryopreservation 
laboratory  is  supported  by  the  Com- 
parative Medicine  Program  of  the  Na- 
tional Center  for  Research  Resources. 

Dr.  Larry  E.  Mobraaten,  director  of 
the  cryopreservation  laboratory  and  a 
staff  scientist  at  the  Bar  Harbor  facil- 
ity, says  that  the  back-up  concept  and 
the  embryo  bank  itself  have  proven 
themselves  over  and  over  since  the 
collection  was  established  at  the  Jack- 
son Laboratory  in  1978.  Rare  inbred 
strains,  many  with  mutant  genes,  in- 
cluding a  few  developed  transgeni- 
cally,  are  maintained  at  the  Bar 
Harbor  repository. 

"Cryopreservation  is  a  form  of  se- 
curity," says  Dr.  Mobraaten,  a  zoolo- 
gist and  geneticist  who  has  been 
associated  with  Jackson  Laboratory 
since  1974.  "Our  work  here  at  the  cry- 
opreservation program  is  closely  in- 
tertwined with  that  of  the  Jackson 
Laboratory's  foundation  stocks  of 
mice  and  its  production  of  research 
animals  widely  known  as  JAX  mice," 
he  says. 

Many  mice  in  the  Jackson  Labora- 
tory's foundation  stock  are  mutant 
strains.  "Given  the  reproductive  prob- 
lems of  mutants  and  the  fact  that  the 
mice  are  bred  in  small  numbers  for 
space  reasons,  it's  very  easy  to  lose  a 
strain  during  breeding,"  he  says. 
"Thus  far,  we  have  been  able  to  res- 
cue the  lost  strains  by  reconstituting 
them  from  frozen  embryos." 

The  cryopreserved  embryos  are 
kept  in  large  insulated  vats  containing 
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liquid  nitrogen,  which  has  a  tempera- 
ture of  - 196°  C.  Of  the  750  mouse 
strains  in  the  Jackson  Laboratory's 
cryopreservation  repository,  about 
200  strains  exist  only  as  frozen  em- 
bryos, according  to  Dr.  Mobraaten. 
"However,  we  do  maintain  a  duplicate 
set  of  those  frozen  embryos  here  and 
we  have  a  third  set  at  the  Human  Ge- 
netic Cell  Repository  at  the  Coriell  In- 
stitute in  Camden,  New  Jersey,"  he 
says. 

The  cryopreservation  methods 
used  by  Dr.  Mobraaten  and  his  asso- 
ciates are  very  similar  to  methods 
now  used  for  human  in  vitro  fertiliz- 
ation work  and  embryo  recovery,  he 
says.  "Of  course,  everyone  has  a 
slight  modification  of  the  methods  but 
they're  all  based  on  the  same  princi- 


Scanning  electron  micrograph  of 
eight-cell  mouse  embryo  that  was 
thawed  after  having  been 
cryopreserved. 

pies,"  he  says,  noting  that  the  first 
cryopreservation  success  with  mouse 
embryos  occurred  in  1972. 

"When  there  is  a  need  for  mice  that 
are  not  in  the  breeding  colony,  we 
thaw  out  the  embryos,  transfer  them 
to  foster  mothers,  recover  pups,  and 
in  most  cases  breed  the  recovered  ani- 
mals for  several  generations.  Re- 
peated breedings  are  necessary,"  he 
says,  "because  initially  we  may  re- 
cover only  one  or  two  pairs,  and  the 
mutation  of  interest  may  still  be  seg- 
regating at  that  point.  Normally  the 
requesting  scientist  needs  more  mice 
than  that  and  wants  mice  with  a 
known  genotype. 

"The  whole  process  may  require  up 
to  6  months  or  more.  That's  longer 
than  expected  by  many  investiga- 
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tors,"  he  says.  "But  it  takes  3  weeks 
for  the  mother  to  give  birth.  Pups  will 
not  be  sexually  mature  for  another  8 
weeks  if  subsequent  breeding  is  nec- 
essary to  expand  the  colony.  So  it's 
not  possible  simply  to  take  a  frozen 
embryo  out  of  a  storage  container  and 
have  mice  ready  for  experiments  3 
weeks  later. 

"We  thaw  the  frozen  eight-cell  em- 
bryos at  a  controlled  rate,  raising  the 
temperature  about  8°  C  per  minute. 
Then  we  dilute  out  the  cryoprotectant 
and  transfer  the  embryos  to  the  ovi- 
ducts of  pseudopregnant  mice.  These 
are  female  animals  that  have  been 
mated  with  sterile  males.  The  mating 
helps  set  up  the  pseudopregnant 
state  that  a  female  needs  to  accept  the 
implant;  it  also  ensures  that  she 
doesn't  produce  her  own  embryos," 
he  explains.  "Our  overall  rate  of  suc- 
cess is  about  15  to  20  percent,  about 
the  same  rate  as  that  reported  in  the 
human  work."  The  losses  occur  pri- 
marily at  two  stages,  according  to  Dr. 
Mobraaten.  Between  the  freezing  and 
the  thawing  of  the  eight-cell  embryos, 
cell  walls  may  break  or  be  damaged 
by  ice  crystals,  and  bruising  and  me- 
chanical damage  may  cause  other 
losses.  But  those  losses  are  only  about 
10  percent. 

"When  we  transfer  embryos  to  the 
foster  mother,  we  see  a  greater  loss, 
which  is  something  we  don't  com- 
pletely understand.  It  happens 
whether  we  transfer  fresh  or  freeze- 
thawed  embryos,"  he  notes. 

The  viability  after  freezing  may 
vary  for  different  strains,  Dr.  Mobraa- 
ten explains.  The  C57BL/6  mouse  has 


a  better  than  85  percent  viability  rate, 
but  some  mutations  carried  on  the 
same  strain  have  a  lower  success  rate. 
In  general,  mutations  are  deleterious, 
and  the  animals  are  also  difficult  to 
breed,  he  points  out. 

One  of  the  major  objectives  of  cry- 
opreservation  is  to  eliminate  or  re- 
duce the  unintended  mutations  that 
occur  through  genetic  drift,  which  is  a 
natural  phenomenon  in  which  muta- 
tions in  a  population  are  acquired 
slowly  by  chance,  according  to  Dr. 
Mobraaten.  "It's  still  hypothetical," 
he  says,  "but  it's  thought  that  in  the 
frozen  state  the  embryos  will  not  ac- 
cumulate mutations  as  they  do  in  a 
normal  breeding  colony. 

"So  if  a  scientist  50  years  from  now 
studied  mice  of  the  same  strain  de- 
rived from  embryos  frozen  today,  he 
or  she  should  be  able  to  repeat  our  ex- 
periments without  attributing  any  dif- 
ferences to  genetic  drift." 

Dr.  Mobraaten' s  interest  in  muta- 
tions prompted  him  to  study  whether 
mutation  rates  were  affected  by  the 
type  of  cryoprotectant  used  in  a 
freeze-thaw  procedure,  and  whether 
the  procedure  itself  might  induce  mu- 
tations. Cryoprotectants  are  neces- 
sary to  prevent  the  formation  of  ice 
crystals  that  might  destroy  the  tis- 
sues, he  says.  He  found  that  neither 
of  the  commonly  used  cryoprotec- 
tants, dimethyl  sulfoxide  and  glycerol, 
had  any  effect  on  mutation  rates  in 
the  concentrations  used  in 
cryopreservation . 

In  assessing  the  mutation-generat- 
ing potential  of  the  procedure  itself  he 
used  histocompatibility,  measured  by 


acceptance  or  rejection  of  skin  grafts, 
as  an  index  to  mutations.  He  found 
that  the  freeze-thaw-implantation 
procedure  itself — including  transfer 
and  handling  of  the  embryos — had  no 
apparent  effect. 

Last  year  Dr.  Mobraaten's  labora- 
tory recovered  49  strains  of  mice  from 
among  200  stocks  that  were  consid- 
ered inactive — maintained  only  as 
frozen  embryos.  "The  requests  came 
as  a  surprise.  Those  were  strains  we 
thought  that  people  would  not  be 
using. 

"Right  now,"  he  says,  "we're  work- 
ing on  three  unrelated  requests  to  re- 
constitute an  inbred  mutant  mouse 
strain  called  'truncate'  or  tc.  It's  an 
inbred  mutant  with  a  short  or  missing 
tail,  and  sometimes  it  lacks  vertebrae. 
It's  not  often  requested,  but,  of 
course,  if  a  mouse  strain  comes 
greatly  into  demand,  we  will  keep  it 
available  after  we  recover  it  from  the 
frozen  state,"  he  says. 

Investigators  wishing  to  order  mice 
from  the  research  colonies,  the  cry- 
opreservation laboratory,  or  the  pro- 
duction department's  JAX  colony  may 
call  the  Jackson  Laboratory's  toll-free 
number.  There  is  a  surcharge  if  the 
mice  are  available  only  from  the  fro- 
zen embryo  bank. 


For  further  information  contact: 
The  Jackson  Laboratory 
600  Main  Street 
Bar  Harbor,  Maine  04609 
FAX  (207)  288-3398 
Telephone  1-800-422-MICE 
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Transgenic  Mouse  Facility 


To  make  transgenic  mice  easily  af- 
fordable for  researchers,  the 
National  Institute  of  Child  Health 
and  Human  Development  (NICHD) 
recently  established  the  National 
Transgenic  Development  Facility 
(NTDF)  at  DNX,  Inc.  in  Princeton, 
New  Jersey.  DNX,  Inc.  is  a  commer- 
cial biotechnology  company  that  has 
developed  several  hundred  strains  of 
transgenic  animals  for  the  biomedi- 
cal and  pharmaceutical  research 
communities  as  well  as  for  the  ani- 
mal breeding  industry. 

During  the  last  decade,  transgenic 
animals — animals  carrying  foreign 
DNA  that  was  introduced  experi- 
mentally into  fertilized  eggs — have 
assumed  an  increasingly  important 
role  in  biomedical  research.  Trans- 
genic animals  have  been  used  to 
study  important  biological  questions 
such  as  how  the  immune  system 
distinguishes  self  from  nonself,  how 
the  nervous  system  develops,  eluci- 
dating factors  that  modulate  the 
onset  and  the  clinical  course  of 
genetic  diseases,  and  the  regulation 
of  genes  that  cause  cancer  in 
humans. 

For  many  investigators,  however, 
the  availability  of  transgenic  animals 
has  been  limited  by  the  require- 
ments for  specialized  technical  skills 
and  the  high  costs  associated  with 
developing  such  animals.  According 
to  Dr.  Carl  A.  Pinkert,  director  of 
animal  biology  at  DNX  and  principal 
investigator  of  the  NTDF,  it  takes 
months  to  learn  how  to  do  the  mi- 
croinjection procedures  used  to 
insert  foreign  DNA  into  mouse  eggs, 
and  the  basic  equipment — the  micro- 
manipulation station  with  its  acces- 
sory microscopes  and  the  animal 
care  facilities — can  cost  hundreds  of 
thousands  of  dollars.  Therefore,  in 
the  past  the  overhead  costs  had  to 
be  factored  into  the  total  charges  for 
the  development  of  each  transgenic 
animal,  he  explains. 

The  NIH-subsidized  program  al- 
lows DNX,  Inc.,  to  charge  research- 
ers only  the  actual  cost  of  develop- 


ing a  transgenic  mouse,  Dr.  Pinkert 
says.  "This  program  allows  us  to 
develop  transgenic  mice  for  inves- 
tigators for  a  fraction  of  the  price  we 
would  normally  have  to  charge  for 
such  services." 

Scientific  investigators  in  the 
United  States  and  its  territories  and 
all  NIH-sponsored  investigators,  re- 
gardless of  location,  may  submit  a 
maximum  of  five  DNA  samples  an- 
nually to  the  NTDF  for  development 
of  a  transgenic  mouse.  The  inves- 
tigator is  required  to  provide  1  to  5 
micrograms  (a  microgram  is  one-mil- 
lionth of  a  gram)  of  the  purified 
DNA  for  microinjection.  Before  the 
NTDF  staff  analyzes  the  DNA  to  as- 
certain its  purity,  the  investigators 
must  pay  an  initial  nonrefundable 
deposit.  Dr.  Pinkert  says  the  nonre- 
fundable deposit  is  an  incentive  for 
researchers  to  do  the  necessary  pre- 
paratory work. 

"In  the  past  we  have  run  into 
problems  when  there  were  contami- 
nants in  the  sample  that  ultimately 
had  profound  effects  on  the  produc- 


ible development  of  a  transgenic  mouse 
begins  with  the  treatment  ol  a  female 
mouse  with  fertility  drugs  to  produce 
about  25  to  30  eggs— a  process  known 
as  superovulation.  The  mouse  is  then 
bred  to  fertilize  the  eggs,  after  which 
they  are  removed  and  microinjected 
with  a  small  amount  of  DNA.  The 
eggs  are  then  reimplanted  into 
pseudopregnant  female  mice. 
Approximately  21  days  after  the  pups 
are  born,  they  are  tested  for  the 
presence  of  the  foreign  DNA. 
Microinjection  of  175  mouse  eggs 
produces  approximately  3  to  10 
transgenic  pups 


tion  of  transgenic  animals.  There 
have  not  been  any  problems  with 
the  first  dozen  or  so  constructs 
we've  received  since  this  program 
started,  so  the  deposit  appears  to 
have  been  an  effective  incentive,"  he 
says. 

The  NTDF  also  requests  that 
investigators  test  their  gene  con- 
structs in  cell  cultures  before  sub- 
mission. If  the  gene  is  not  ex- 
pressed— its  product  made — in  cell 
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cultures,  there  is  a  good  chance  that 
it  may  not  be  expressed  in  a  trans- 
genic animal,  Dr.  Pinkert  explains. 
"Expression  of  a  gene  construct  in  a 
cell  culture  does  not  guarantee  that 
it  will  be  expressed  in  a  transgenic 
animal,  but  it  does  give  a  very  good 
indication  of  the  likelihood  of  suc- 
cess," he  adds. 

The  purified  DNA  is  microinjected 
into  the  nucleus  of  a  fertilized 
mouse  egg  using  an  extremely  fine 
needle  that  pierces  the  delicate  egg 
to  precisely  the  right  depth.  Initially, 
at  least  175  mouse  eggs  are  injected. 
The  eggs  are  then  reimplanted  into 
pseudopregnant  recipient  females. 
After  the  pups  are  born,  a  maximum 
of  30  are  initially  analyzed  for  inte- 
gration of  the  foreign  gene  into  the 
mouse  DNA.  Investigators  must 
supply  a  probe — a  segment  of  com- 
plementary DNA — for  determining  if 
the  foreign  gene  is  indeed  present  in 
the  mouse  cells.  If  none  of  the  first 
30  pups  is  transgenic,  the  remaining 
pups  are  analyzed.  If  none  of  the 
remaining  pups  are  determined  to 
be  transgenic,  the  NTDF  staff  will 
reinject  a  minimum  of  75  eggs.  Only 
after  the  NTDF  has  delivered  at  least 
one  transgenic  mouse  to  the  inves- 
tigator does  the  remaining  fee  for 
the  mouse  development  have  to  be 
paid. 

The  NICHD  has  provided  suffi- 
cient funding,  Dr.  Pinkert  says,  to 
subsidize  the  microinjection  of 
approximately  100  different  DNA 
samples  annually.  If  demand  ex- 
ceeds that  number,  however,  the 
NTDF  assigns  priority  among  appli- 
cants according  to  the  date  of  ap- 
plication, the  status  of  the  transgenic 


mouse  study  as  part  of  an  NIH- 
funded  research  project,  the  number 
of  transgenic  animals  previously 
created  by  the  NTDF  for  the  in- 
vestigator, and  the  relevance  of  the 
transgenic  animal  to  the  study  of 
developmental  biology. 

"At  this  point  we're  prepared  to 
develop  approximately  six  to  nine 
subsidized  transgenic  animal  experi- 
ments per  month.  However,  should 
demand  exceed  that  amount,  we 
have  the  capability  to  gear  up  for 
much  more,"  Dr.  Pinkert  says. 

Dr.  Pinkert  emphasizes  that  other 
than  the  availability  of  micromani- 
pulation equipment  there  are  very 
few  limitations  to  the  microinjection 
technology.  "As  long  as  someone 
can  send  us  a  stable  DNA  fragment, 
whether  it's  a  few  nucleotides  in 
length  or  of  kilobase  length  (1,000 
nucleotides),  we  can  go  ahead  and 
inject  it." 


For  more  information  contact: 
Colleen  L.  Chapin 
Transgenic  Services  Coordinator 
DNX  Transgenic  Services 
303B  College  Road  East 
Princeton,  New  Jersey  08540 
Telephone:  (609)  520-0300,  ext.  99 


For  Additional  Information: 

To  locate  information  or  professional  contacts 
on  this  effort,  contact: 

Research  Resources  Information  Center 
1601  Research  Boulevard 
Rockville,  MD  20850 
601)  251-4970 
Refer  to  Volume  XV,  No.    1/TN 
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Displaying  Computer 
Simulations  of  Physical 
Phenomena 

Visual,  aural,  tactile,  and 
kinesthetic  effects  can 
be  used  to  teach  such 
physical  sciences  as 
the  dynamics  of  fluids. 


A  paper  discusses  computer  simulation 
as  a  means  of  experiencing  and  learning 
to  understand  physical  phenomena.  The 
paper  covers  both  present  simulation  capa- 
bilities and  the  major  advances  expected 
in  the  near  future. 

Today,  the  flow  of  air  about  a  complete  air- 
craft can  be  simulated  on  a  supercomputer, 
and  this  dynamic,  three-dimensional  simula- 
tion can  be  viewed  interactively  on  advanced 
graphics  workstations.  The  viewer  can  zoom 
into  a  region  of  the  simulation  or  rotate  the 
viewing  position  about  the  region  to  study 
the  display  in  more  detail.  Examples  in  other 
fields  can  also  be  cited. 

But  although  graphics  workstations  have 
improved  the  interface  between  the  scien- 
tist and  the  computer,  they  have  filled  only 
a  small  portion  of  the  total  bandwidth  availa- 
ble for  a  human  to  exchange  information 
with  the  environment.  The  primary  improve- 


ments have  been  in  visualization  —  specifi- 
cally in  the  quality  of  the  picture  and  the 
speed  with  which  it  is  rendered. 

Research  on  simulated  environments 
shows  that  immersion  of  the  human  in  the 
simulation  environment  is  much  more  ef- 
fective than  is  simply  displaying  a  picture 
on  the  video  screen  of  a  workstation.  In  one 
series  of  experiments,  the  display  of  the 
simulated  environment  filled  the  subject's 
entire  field  of  view,  and  six-degree-of-free- 
dom  controls  and  voice  recognition  were 
used.  It  is  now  technically  feasible  to  im- 
plement many  features  of  this  more  com- 
plete simulated  environment. 

The  paper  describes  an  ideal  simulated 
environment  and  compares  the  state  of  the 
art  with  respect  to  the  following  features: 

•  Controls  for  manipulation, 

•  Voice  input, 


•  Sensory  feedback  from  the  environment 
(sound,  motion,  and  position), 

•  Spatial  and  color  resolution, 

•  Frame-repetition  rate, 

•  Field  of  view, 

•  Accuracies  of  simulation  models,  and 

•  Ability  to  highlight  important  features  and 
suppress  less-important  ones. 

The  paper  recommends  that  classrooms 
in  universities,  government,  and  industry  be 
linked  to  advanced  computing  centers  so 
that  computer  simulations  can  be  integrated 
into  the  education  process.  Large-bandwidth 
transmission  facilities  for  computer,  video, 
and  audio  information  of  the  types  that  will 
make  such  links  possible  are  now  being  in- 
stalled. 

This  work  was  done  by  Val  Watson  of 
Ames  Research  Center. 
ARC-12502/TN 
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Effect  of  Bed  Rest  on 
Tolerance  to  Acceleration 

Paradoxically,  physically  fit 
people  lose  tolerance  to  ac- 
celeration after  bed  rest  more 
than  sedentary  people  do. 

A  report  describes  an  experimental  com- 
parative study  of  the  tolerance  of  aerobical- 
ly  fit  men  and  of  sedentary  men  to  +GZ 
acceleration.  The  study  was  designed  to 
confirm  or  deny  previous  observations  that 
long-term  aerobic  training  reduced  toler- 
ance to  acceleration.  The  study  is  the  first 
to  examine  the  responses  of  subjects  who, 
like  astronauts,  participate  regularly  in  aero- 
bic activities  to  high  accelerations  after 
prolonged  exposure  to  a  regimen  of  bed 
rest  designed  to  simulate  the  effects  of 
microgravity. 

Twenty  men  between  the  ages  of  35 
and  50  served  as  subjects.  Thirteen  sub- 
jects were  aerobically  fit;  they  ran  or  bi- 
cycled regularly  and  had  a  maximal  tread- 
mill oxygen  uptake  (V02  max)  greater  than 
41  mL/(kg.min).  The  other  seven  were  sed- 
entary; they  had  significantly  lower  V02 
max  and  higher  weight  and  body  fat. 

The  subjects  were  confined  to  bed,  rest- 


ing in  a  -6°  head-down  orientation,  for 
10  days  to  simulate  exposure  to  micro- 
gravity.  Each  subject  was  accelerated  in 
a  human  centrifuge  before  bed  rest  and 
again  on  the  sixth  or  seventh  day  of  bed 
rest.  The  subjects  were  exposed  to  accel- 
erations equivalent  to  three  times  the  nor- 
mal terrestrial  gravitation  until  they  ap- 
proached grayout,  which  was  signaled  by 
a  reversal  or  loss  of  flow  in  the  temporal 
artery.  Heart  rates  and  blood  pressures 
were  monitored  during  acceleration.  In  ad- 
dition, plasma  volumes  were  measured 
before,  and  echocardiograms  were  taken 
after,  the  acceleration  tests. 

The  data  accumulated  in  the  study 
showed  that  the  decrease  in  tolerance  to 
acceleration  caused  by  the  deconditioning 
effect  of  bed  rest  was  more  pronounced 
in  the  fit  men  than  in  the  sedentary  men. 
Before  bed  rest,  both  fit  and  sedentary 
men  could  tolerate  acceleration  for  about 


370  s,  on  the  average.  After  bed  rest,  the 
average  time  during  which  the  sedentary 
subjects  could  tolerate  acceleration  was 
167  s  shorter,  while  for  the  fit  subjects  it 
was  259  s  shorter.  Two  of  the  fit  subjects 
were  barely  able  to  complete  the  initial  rise 
to  the  peak  acceleration.  The  loss  of  +GZ 
tolerance  in  the  fit  subjects  was  strongly 
correlated  with  their  greater  increase  in 
resting  heart  rate  and  larger  loss  of  plasma 
volume  after  bed-rest  deconditioning. 

The  report  suggests  that  physically  fit 
people  may  need  additional  measures  to 
reduce  the  loss  of  tolerance  to  accelera- 
tion during  microgravity  exposure.  For  ex- 
ample, fluid  loading  and  antigravity  suits 
may  be  needed  to  increase  central  blood 
volumes  during  reentry  acceleration. 

This  work  was  done  by  Danielle  J. 
Goldwater  of  Ames  Research  Center. 
ARC-12400/TN 
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Laser-Induced  Fluorescence  to  Diagnose 
Atherosclerosis 


The  extent  and  type  of  athero- 
sclerosis in  humans  may  soon  be 
diagnosed  by  laser-induced  fluores- 
cence, according  to  a  group  of  Texas 
investigators.  Atherosclerotic 
plaques  as  well  as  normal  arterial 
surfaces  emit  fluorescent  light — 
called  autofluorescence — when  laser 
light  falls  on  them.  Both  the  inci- 
dent and  fluorescent  light  can  be 
carried  in  optical  fibers.  The  fluo- 
rescent light  is  directed  to  a  spec- 
trometer and  then  to  a  multichannel 
optical  analyzer  coupled  to  a  com- 
puter. A  graph  of  the  intensity  of 
emitted  light  produced  at  each 
wavelength  by  the  computer  imme- 
diately reveals  whether  an  athero- 
sclerotic plaque  exists  and  what 
type  it  is.  It  is  an  additional  advan- 
tage of  the  procedure  that  the  same 
laser  can  be  used  at  a  higher  power 
to  remove,  or  ablate,  the  athero- 
sclerotic plaque. 

Atherosclerotic  plaques  typically 
are  one  of  two  types,  says  Dr. 
Michele  Sartori,  clinical  instructor  of 
medicine  at  Baylor  College  of  Medi- 
cine and  staff  cardiologist  at  the 
Texas  Heart  Institute,  St.  Luke's 
Hospital  in  Houston,  Texas.  "I 
would  call  one  type  of  athero- 
sclerosis diffuse  thickening:  the 
inner  diameter,  or  lumen,  of  the 
artery  is  reduced  due  to  growth  of 
the  inner  lining  of  the  vessel,  the 
so-called  intima.  This  results  in  a 
decreased  lumen  to  arterial  wall 
ratio,"  he  says.  "The  other  type  is 
characterized  by  discrete  plaques 
that  cause  a  dramatic  reduction  of 
the  arterial  lumen  because  they 
extend  inside."  Current  techniques 
for  diagnosing  atherosclerosis,  such 
as  angiography,  are  able  to  detect 
the  discrete  type  very  well  but  not 
the  diffuse  type.  Dr.  Sartori  says 
that  one  advantage  of  the  laser  tech- 
nique, which  he  calls  laser  interroga- 
tion of  the  vessel,  is  its  ability  to 


define  discrete  and  diffuse  athero- 
sclerosis by  analyzing  both  the 
surface  and  the  deep  anatomy  of  the 
vessel. 

This  ability  to  look  at  both  super- 
ficial and  deep  arterial  anatomy  is 
important  for  another  reason:  Al- 
though lasers  have  been  used  for 
some  time  to  eliminate  athero- 
sclerosis in  arterial  vessels  in  the  leg, 
they  haven't  been  used  in  cardiac 
vessels  because  of  the  risk  of  per- 
forating the  arteries.  "If  we  can 
monitor  in  real  time  how  much  of 
the  plaque  we  are  removing,  how 
deep  we  are  in  the  vessel  wall,  and 
when  we  should  stop,  we  will  be 
able  to  reduce  the  risk  of  vessel  per- 
foration, and  lasers  will  be  a  viable 
means  of  therapy  for  cardiac  ves- 
sels," says  Dr.  Sartori.  "The  laser 
interrogation  method  may  fulfill  that 
promise." 

The  investigators  used  an  argon 
ion  laser  operated  at  a  power  well 
below  its  ablation  threshold.  They 
chose  equal  numbers  of  normal  and 
atherosclerotic  vessels  from  33 
cadavers  ranging  in  age  from  1 
month  to  78  years  and  prepared  57 
segments  of  human  aortas,  the 
largest  artery  in  the  body,  and  80 
segments  of  coronary  arteries,  which 
supply  blood  to  the  heart  muscle. 
The  arteries  were  opened  up  and 
pinned  to  a  corkboard  with  the 
intima  facing  outward  before  being 
exposed  to  the  laser  beam. 

According  to  Dr.  Roland  Sauer- 
brey,  associate  professor  of  electrical 
engineering  at  Rice  University  and 
one  of  the  investigators  in  this 
study,  using  lasers  as  a  light  source 
to  induce  fluorescence  is  not  a  new 
idea.  "The  system  we  used  in  these 
experiments  on  human  atherosclero- 
tic plaques  has  been  used  for  quite  a 
while  to  analyze  gases  excited  by 
electron  beams  as  well  as  in  other 
purely  scientific  investigations,"  he 


says.  "So  the  system  was  already 
in  place,  and  previous  work  had 
demonstrated  the  fluorescence  capa- 
bilities of  atherosclerotic  plaques.  It 
made  sense  to  use  the  system  for 
this  purpose." 

The  laser  light  is  transmitted  via 
an  optical  fiber  to  the  surface  of  the 
artery.  Another  optical  fiber  picks  up 
the  fluorescence  generated  by  the 
arterial  surface  and  returns  it  to  a 
spectrometer  equipped  with  an  opti- 
cal multichannel  analyzer,  a  device 
capable  of  separating  information 
about  the  fluorescence  into  wave- 
lengths and  numbers  of  photons, 
which  represent  the  intensity  of  the 
returned  light.  This  information  is 
fed  into  a  computer  that  produces  a 
graph  of  the  fluorescence  spectrum. 

Drs.  Sartori  and  Sauerbrey  and 
their  collaborators  have  found  that  a 
normal  arterial  surface  produces  a 
characteristic  fluorescence  spectrum 
that  has  three  distinct  peaks  at  par- 
ticular wavelengths.  An  atheroscle- 
rotic plaque  containing  mostly  lipids 
produces  a  spectrum  in  which  two 
of  those  peaks  have  fused  into  one 
large  peak.  A  calcified  plaque  causes 
fusion  of  the  peaks  as  well  as 
greatly  increased  intensity  of  the 
returned  fluorescence.  The  graphs 
are  produced  as  the  laser  is  inter- 
rogating the  vessel,  so  information  is 
available  in  so-called  real  time — 
while  the  procedure  is  being  done. 
"This  is  one  of  the  best  features  of 
this  system,  because  we  know  right 
away  whether  atherosclerosis  exists 
and  what  type  it  is,"  says  Dr.  Sar- 
tori. When  plaques  of  either  type  are 
removed,  the  spectra  return  to  the 
characteristic  three  peaks  of  a  nor- 
mal arterial  surface.  "This  is  im- 
portant because  we  can  use  the  laser 
to  interrogate  the  artery  as  well  as 
ablate  the  plaque,  and  we  can  moni- 
tor exactly  when  we've  removed 
enough,"  Dr.  Sartori  explains. 
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Data  produced  by  the  laser  inter- 
rogation technique  were  also  ana- 
lyzed in  other  ways.  "We  combined 
the  two  kinds  of  spectral  maps, 
which  show  the  differences  by  color, 
to  produce  images  that  discriminate 
the  various  types  of  tissue.  This  may 
be  useful  in  a  clinical  setting,"  Dr. 
Sauerbrey  explains. 

Dr.  Sauerbrey  is  currently  doing 
experiments  using  the  same  system 
with  another  type  of  laser  called  the 
excimer.  "We  started  out  with  a  vis- 
ible light  laser — the  argon  ion  laser — 
because  it  is  relatively  easy  to  trans- 
mit through  optical  fibers,"  he  says. 
"But  now  we  also  have  devised  a 
way  to  transmit  the  excimer  laser, 
which  is  more  likely  to  be  used  for 
both  interrogation  and  ablation  be- 
cause it  is  more  efficient.  With  less 
energy  you  can  ablate  the  plaque 
more  easily."  The  excimer  laser 
works  in  the  ultraviolet  spectral 
range. 

Dr.  Sartori  believes  the  laser  inter- 
rogation system  is  ready  for  diag- 
nostic clinical  investigation.  "There 
is  no  problem  with  sterilization  of 
the  instruments  and  they  are  very 
reliable,"  he  says.  "There  is  no  pos- 
sibility of  causing  harm  by  simply 
looking  at  the  interiors  of  arteries  in 
patients,  and  we'll  never  know  if  the 
system  will  work  clinically  unless  we 
try  it."  Dr.  Sauerbrey  says  some 
investigators  are  using  the  system 
for  clinical  interrogation  now,  but 
results  so  far  have  been  mixed. 

Additional  reading: 

1.  Sartori,  M.,  Spectroscopy.  In 
Lasers  in  Cardiovascular  Disease 
(White,  R.  A.  and  Grundfest,  W.  S., 
eds.).  Chicago,  Illinois:  Yearbook 
Medical  Publishers,  Inc.,  1989, 

pp.  191-206. 

2.  Sartori,  M.,  Weilbaecher,  D., 
Valderrama,  G.  L.,  Kubodera,  S., 
Chin,  R.C.,  Berry,  M.  J.,  Tittel, 

F.  K.,  Sauerbrey,  R-,  and  Henry,  P. 
D.,  Laser-induced  autofluorescence 
of  human  arteries.  Circulation 


Research  63:1053-1059,  1988. 

3.  Sartori,  M.,  Henry,  P.  D., 
Roberts,  R.,  Kubodera,  S.,  Sauer- 
brey, R.,  Valderrama,  J.,  Berry, 
M.  J.,  and  Tittel,  F.  K.,  Real-time 
collection  of  autofluorescence  of  cor- 
onary arteries.  Lasers  in  Surgery  and 
Medicine  7:131,  1987. 

4.  Sartori,  M.,  Henry,  P.  D., 
Roberts,  R.,  Chin,  R.C.,  and  Berry, 
M.  J.,  Characterization  of  intimal 
structure  and  thickness  in  normal 
and  atherosclerotic  vessels  by  argon 
ion  laser  induced  fluorescence.  Lasers 
in  Surgery  and  Medicine  6:176,  1986. 

5.  Kittrell,  C,  Willett,  R.  L.,  Santos- 
Pacheo,  C,  Ratliff,  N.  B.,  Kramer, 

J.  R.,  Malk,  E.  G.,  and  Feld,  M.  S., 
Diagnosis  of  fibrous  arterial  athero- 
sclerosis using  fluorescence.  Applied 
Optics  24:2280-2281,  1985. 

Dr.  R.  Sauerbrey  states  that  the  inves- 
tigations on  autofluorescence  of  human 
arteries  have  been  performed  in  close  col- 
laboration with  Dr.  P.  D.  Henry  at 
Baylor  College  of  Medicine  and  Drs. 
G.  H.  Pettit  and  F.  K.  Tittel  at  Rice 
University. 

The  studies  described  in  this  report  were 
supported  by  the  National  Heart,  Lung, 
and  Blood  Institute;  the  Texas  Chapter  of 
the  American  Heart  Association;  and  the 
Robert  A.  Welch  Foundation.  Technical 
assistance  was  provided  by  the  CDMAS 
computer  system,  which  is  funded  by  the 
General  Clinical  Research  Centers  Pro- 
gram of  the  National  Center  for  Research 
Resources. 


For  Additional  Information: 

To  locate  information  or  professional  contacts 
on  this  effort,  contact: 

Research  Resources  Information  Center 
1601  Research  Boulevard 
Rockville,  MD  20850 
GOD  251-4970 
Refer  to  Volume  XV,  No.  1/TN 


( 


i 


i 


IWNSATech  Brief 

National  Aeronautics  and 
|  Space  Administration 

NASA 's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Licensing 
Opportunity 


Two-Wavelength  Interferometric  Keratometer 

Strongly  aspherical  surfaces  could  be  measured  precisely. 


A  proposed  interferometric  keratometer 
would  measure  the  shapes  of  corneas 
without  touching  them.  The  keratometer 
might  also  be  used  to  test  strongly  aspheri- 
cal optics.  The  keratometer,  which  would 
resemble  present  commercial  lens-testing 
interferometers,  would  generate  intertero- 
grams  representative  of  the  deviation  of 
the  surfaces  under  test  from  sphericity. 
Such  interferograms  can  be  used  to  gener- 
ate contour  maps  of  the  surfaces.  While 
existing  instruments  typically  cover  corne- 
al diameters  no  greater  than  3  mm,  the 
proposed  keratometer  would  measure 
corneal  topography  to  diameters  as  large 
as  12  mm. 

The  instrument  would  employ  visible 
light  at  two  wavelengths;  for  example,  the 
0.633-/4n  red  light  from  an  He-Ne  laser 
and  the  0.61 3-jim  orange  light  from  another 
He-Ne  laser.  The  optical  train  would  in- 
clude three  off-axis  paraboloidal  reflectors. 
The  first  reflector  would  serve  as  a  col- 
limator. The  second  would  form  a  large- 
aperture  (f/1.0)  wave  front  converging  on 
the  cornea  and  partially  recollimate  the 
wave  front  reflected  from  the  surface  of 
the  cornea,  preserving  the  optical-path  dif- 
ferences. The  third  reflector  would  create 
a  quasi-spherical  wave  front  converging 
onto  the  obstruction  in  a  Smartt  point-dif- 
fraction interferometer.  (Other  interfero- 


metic  configurations  are  possible.) 

The  fringe  pattern  at  the  exit  pupil  of 
the  keratometer  would  contain  the  inter- 
ferograms at  each  of  the  two  wavelengths 
superimposed  on  each  other.  The  superpo- 
sition would  give  rise  to  a  beat  of  spatial 
variation  in  the  contrast  in  the  fringes  be- 
tween the  two  interferograms.  In  effect, 
this  pattern  would  constitute  a  third,  long- 
wavelength  interferogram  of  the  surface 
under  test.  The  effective  wavelength 
keff  (twice  the  contour  depth  interval  rep- 
resented by  one  fringe  space)  of  the  third 
interferogram  would  be  given  by 

^eff  =  *1*2^1  —  ^2) 
where  A1  and  A2  are  the  wavelengths  of  the 
illumination.  In  the  case  of  the  He-Ne-laser 
light  mentioned  previously,  \ef1  would  be 
19.4  nm;  thus,  one  fringe  space  would  rep- 
resent a  depth  interval  of  19.4/2  =  9.7  /urn. 
At  the  price  of  reduced  topographic  sensi- 
tivity, twowavelength  interferometry  enables 
the  measurement  of  surfaces  more  aspheri- 
cal or  steeply  sloped  than  could  otherwise 
be  measured.  When  the  effective-long- 
wavelength  interferometric  information  is 
used  to  remove  the  2n  ambiguities  in  the 
phases  in  the  shorter-wavelength  interfero- 
grams, the  advantages  of  both  long-  and 
short-wavelength  interferometry  can  be 
combined  to  measure  strongly  aspherical 
surfaces  with  high  topographic  sensitivity. 


This  work  was  done  by  Eric  Hochberg 
and  Norman  Page  of  Caltech  for  NASA's 
Jet  Propulsion  Laboratory. 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title 
to  this  invention.  Inquiries  concerning 
rights  for  its  commercial  use  should  be 
addressed  to 

Edward  Ansell 

Director  of  Patents  and  Licensing 

Mail  Stop  305-6 

California  Institute  of  Technology 

1201  East  California  Boulevard 

Pasadena,  CA  91125 
Refer  to  NP0-17537/TN. 

Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  for  JPL:  Norman 
L.  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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Airborne  Laser  Polarization  Sensor 

This  instrument  measures  polarization  characteristics  of  the  Earth  at  three  wavelengths. 


The  Airborne  Laser  Polarization  Sensor 
(ALPS)  measures  the  optical  polarization 
characteristics  of  the  land  surface.  The  ALPS 
is  designed  to  be  flown  at  altitudes  of 
<  300  m  to  minimize  any  polarizing  or  de- 
polarizing effects  of  the  intervening  atmos- 
phere and  to  look  along  the  nadir  to  mini- 
mize any  effects  that  depend  on  the  look 
angle.  The  data  from  the  measurements 
are  used  in  conjunction  with  data  from 
ground  surveys  and  aircraft-mounted  video 
recorders  to  refine  mathematical  models 
used  in  the  interpretation  of  higher-altitude 
polarimetric  measurements  of  reflected 
sunlight. 

The  ALPS  (see  figure)  includes  a  pulsed 
neodymium:yttrium  aluminum  garnet  laser 
that  emits  simultaneously  at  the  fundament- 
al, second-harmonic,  and  third-harmonic 
wavelengths  of  1,064,  532,  and  355  nm, 
respectively,  at  rates  up  to  20  Hz.  The  out- 
put energies  per  pulse  are  100,  300,  and 
100  mJ,  respectively,  at  the  three  wave- 
lengths. The  laser  beam  is  polarized  and 
transmitted  down  to  the  ground. 

The  portion  of  laser  light  that  returns 
from  the  ground  is  received  by  three  sets 
of  polarization-sensitive  detectors.  Each  set 
contains  four  detectors  to  obtain  data  that 
can  be  used  to  calculate  the  four  Stokes 
parameters  fa  each  wavelength.  (The  Stokes 
parameters  specify  the  relationship  be- 
tween the  polarizations  of  the  incident  and 
the  reflected  light.)  Each  detector  includes 
a  photomultiplier  tube,  a  linear  polarizer,  lens, 
and  a  10-nm-band-pass  filter.  For  each  wave- 
length, the  polarizer  in  one  detector  is  orient- 
ed at  0°  with  respect  to  the  polarization 
of  the  incident  beam,  the  polarizer  in  an- 
other detector  is  oriented  at  90°,  and  those 
in  the  two  other  detectors  are  oriented  at 
45°  One  of  the  45°  units  also  includes  a 
quarter-wave  plate. 

By  integrating  each  return  pulse  over  a 
period  long  enough  to  average  together  the 
ground  and  tree-top  returns,  one  can  simu- 


Three-Wavelength  Laser 


The  Airborne  Laser 
Polarization  Sensor 

aims  a  polarized  laser 
beam  at  the  ground 
and  measures  the  po- 
larization of  the  re- 
flected light.  Although 
the  simplified  version 
shown  here  schemati- 
cally contains  only  4 
detectors,  the  actual 
system  contains  12  (4 
for  each  of  3  wave- 
lengths). 


late  the  effects  of  a  return  signal  more  near- 
ly like  that  received  by  a  passive  solar  polar- 
ization sensor.  To  separate  the  polarization 
effects  of  the  layers  within  a  tree  canopy, 
a  future  version  of  the  ALPS  will  be  made 
to  function  in  a  lidar  (pulsed  ranging)  mode, 
processing  the  return  signals  through  200- 
MHz  wavetorm  diaitizers. 

The  signals  from  the  detectors  are  fed 
simultaneously  to  a  12-channel,  12-bit,  charge- 
integrating  analog-to-digital  converter  mount- 
ed in  a  CAMAC  crate  (a  mounting  unit  in 
a  standard  modular  instrumentation-and- 
digital-interface  system).  The  digitized  sig- 
nals are  transferred  through  the  CAMAC 


crate  controller  (a  communication  unit  in 
the  CAMAC  crate)  to  a  PC-type  computer. 
A  time  code  is  superimposed  on  the  "ground- 
truth"  videotape  record  to  enable  correla- 
tion of  the  polarization  data  with  data  on 
the  type  of  surface  in  view.  The  acquisi- 
tion and  analysis  of  data  are  controlled  via 
an  easy-to-use  menu-driven  software  sys- 
tem. 

This    work    was    done    by   James 
Kalshoven,   Jr.,   and  Philip  Dabney  of 
Goddard  Space  Flight  Center. 
GSC-13314/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport.  MD  21240;  (301)  621-0100  Ext.  241 
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Physical  Sciences 


051 8  New  'Library'  for  Alternative  Refrigerant  Analysis 

0519  Producing  Hydrogen  Slush 

0520  Users'  Guide  to  Diode  Lasers 

0521  Optical  Computation  of  Matrices  From  Vectors — Four-wave  mixing 
yields  a  two-dimensional  pattern  of  light  and  dark. 

0522  Phase  Transformations  in  Mullite-Precursor  Xerogels — Monophasic  and 
diphasic  xerogels  transform  differently  under  thermal  treatment. 

0523  Leading-Edge  'Pop-Up'  Spoiler  for  Airfoil— This  device  can  be  retrofitted 
to  an  existing  airfoil  without  major  rework.  (Licensing  Opportunity) 

Other  Items  of  Interest 

0487    Development  of  Real-Time  Monitors  for  Gaseous  Formaldehyde 


NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 


New  'Library1  for  Alternative  Refrigerant  Analysis 


Intensive  efforts  are  under  way  to  evaluate  environmentally  acceptable  alternatives  to  fully  halogenated 
chlorofluorocarbon  fluids  for  air  conditioning  and  refrigeration  equipment  and  aerosol  propellants.  The  evaluation 
process  requires  a  complete  set  of  thermophysical  property  data  so  relevant  engineering  properties  can  be 
mathematically  modeled  or  correlated.  Also,  thermophysical  measurements  often  are  carried  out  at  elevated 
temperatures  and  pressures,  where  decomposition  and  chemical  reactions  may  occur.  Thus  there  is  a  need  for 
reliable  identification  of  contaminants  and  reaction  products  in  these  fluids.  Spectroscopic  Library  for  Alternative 
Refrigerant  Analysis  (NIST  SP  794)  assembles  a  collection  of  infrared  and  mass  spectra  on  chloro-fluoro-bromo 
ethanes  and  ethylenes  to  assist  in  this  identification.  The  library  also  includes  other  physical  properties  where 
possible. 

FOR  ADDITIONAL  INFORMATION:  Available  from  the  Superintendent  of  Documents,  U.S.  Government 
Printing  Office,  Washington,  D.C.  20402.  Order  by  stock  no.  003-003-03036-8  for  $12  prepaid.  Media  Contact: 
Collier  Smith  (Boulder),  303/497-3198. 
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Producing  Hydrogen  Slush 


NTIS  researchers  have  constructed  an  auger-type  generator  for  producing  hydrogen  slush,  the 
preferred  fuel  for  the  National  Aerospace  Plane.   Until  now  the  freeze-thaw  method  has  been  the 
most  common  for  producing  hydrogen  slush,  but  it  has  several  disadvantages  not  present  with 
the  auger-type  method.   For  example,  freeze-thaw  produces  hydrogen  slush  in  batches  whereas 
auger  is  a  continuous  process.   The  NIST-developed  generator  features  a  large  (approximately 
18-cm  diameter)  auger  with  a  supercritical  helium  flow  loop  that  simulates  the  performance 
of  a  helium  refrigerator. 

FOR  ADDITIONAL  INFORMATION:  Paper  no.  6-91  discusses  design  and  construction  and  is 
available  from  Jo  Emery,  Div.  104,  NIST,  Boulder,  CO  80303. 
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NIST  Technology  Update 


A  National  Institute  of  Standards  &  Technology 

w  U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 


Users'  Guide  to  Diode  Lasers 


NIST  and  University  of  Colorado  researchers  have  produced  a  guide  for  atomic  physicists  who 
want  to  use  diode  lasers  in  their  work.   The  review  article  appeared  in  a  recent  issue  of  Review 
of  Scientific  Instruments.    Traditionally,  physicists  have  used  dye  lasers  to  tune  to  particular 
atomic  transitions.    But  semiconductor  diode  lasers  have  many  advantages:   they  are  smaller, 
more  efficient,  less  expensive,  and  very  reliable.    They  have  reasonable  power,  and  their 
wavelength  coverage  is  steadily  increasing.   "It  is  now  possible  to  have  a  diode  laser  system 
which  will  produce  more  than  10  mW  of  tunable  light  with  a  bandwidth  of  100  kHz  for  a  cost  of 
less  than  $1,000,"  the  researchers  report.    They  discuss  basic  diode  laser  characteristics, 
advantages,  and  limitations.   They  also  explain  how  to  purchase  the  correct  laser,  tune  it  to  the 
desired  frequency,  and  control  the  laser's  frequency. 

FOR  ADDITONAL  INFORMATION:  The  guide,  paper  no.  68-90,  can  be  obtained  from  Jo  Emery, 
Div.    104,   NIST,   Boulder,   CO  80303;   (303)497-3237. 


520 


IWNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

NASA 's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Optical  Computation  of  Matrices  From  Vectors 

Four-wave  mixing  yields  a  two-dimensional  pattern  of  light  and  dark. 


A  proposed  optical  apparatus  would 
generate  a  rectangular  pattern  of  light  and 
dark  areas,  the  brightnesses  of  which 
would  represent  the  elements  of  the  matrix 
product  of  two  vectors.  Optical  multipliers 
of  this  type  might  be  used  as  real-time  an- 
alog tensor  generators,  components  of 
neural  networks,  and  generators  of  pat- 
terns to  steer  electromagnetic  beams  by 
diffraction  or  to  effect  temporary  intercon- 
nections in  very-large-scale  integrated  cir- 
cuits. 

The  apparatus  (see  figure)  would,  in  ef- 
fect, compute  the  tensor  product  xyr 
(where  T  denotes  the  matrix  transpose)  of 
the  vectors  x  and  y,  which  would  be  repre- 
sented by  linear  arrays  of  small  areas  of 
various  degrees  of  transparency.  A  laser 
beam  would  pass  through  the  horizontal 
strip  transparency  representing  vector  x. 
The  beam  would  be  expanded  by  horizon- 
tal cylindrical  lens  L,,  then  collimated  by 
horizontal  cylindrical  lens  L2,  forming  col- 
umns of  uniformly  collimated  light  repre- 
senting the  components  of  x.  In  a  similar 
manner,  a  second  laser  beam  coherent 
with  the  first  would  pass  through  the  ver- 
tical strip  transparency  representing  y7", 
then  through  vertical  cylindrical  lenses  L3 
and  L4  to  form  rows  of  uniformly  collimated 
light  representing  the  components  of  yT. 


The  Photorefrac- 
tive Effect  would 
give  rise  to  four-wave 
mixing,  which  would 
generate  an  output 
beam  modulated 
spatially  by  the  ma- 
trix product  xyT 


The  row  and  column  patterns  of  laser 
light  would  be  applied  to  opposite  faces  of 
a  photorefractive  crystal.  A  plane-wave 
pumping  laser  beam  coherent  with  the  first 
two  beams  would  be  applied  to  the  photo- 
refractive crystal  (e.g. ,  Li  Nb03)  from  a  third 
direction  through  a  beam  splitter.  An  output 
beam  representing  the  matrix  product 
would  be  generated  by  four-wave  mixing. 
The  intensity  in  the  output  beam  would  be 
distributed  spatially  in  proportion  to  the 
product  of  the  three  input  waves.  The  out- 
put beam  would  propagate  in  the  direction 
opposite  that  of  the  pumping  beam,  out 


through  the  beam  splitter  to  the  output 
plane,  where  it  would  be  fed  to  sensors,  a 
projection  screen,  or  possibly  another  op- 
tical computing  apparatus. 

This  work  was  done  by  Hua-Kuang  Liu 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  NASA's  Resident  Office- 
JPL  Refer  to  NP0-17512/TN. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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Phase  Transformations  In 

Mul lite-Precursor  Xerogels 

Monophasic  and  diphasic 
xerogels  transform  differently 
under  thermal  treatment. 


A  report  describes  an  experimental 
study  of  the  phase  transformations  that  oc- 
cur in  monophasic  and  diphasic  xerogels 
of  overall  stoichiometric  mullfte  composi- 
tion during  thermal  treatment.  Mullite 
(3AI203«2Si02)  is  valued  as  a  refractory 
material  because  it  has  relatively  high  me- 
chanical strength,  excellent  resistance  to 
thermal  shock,  high  resistance  to  creep, 
low  density,  low  thermal  conductivity,  and 
stability  at  high  temperature.  This  study  is 
part  of  a  continuing  effort  to  develop  pre- 
cursor materials  that  can  be  transformed 
into  mullite  and  sintered  at  temperatures 
low  enough  to  avoid  degradation  of  non- 
mullite  reinforcing  fibers  in  the  manufac- 
ture of  mullite/fiber  composites. 

By  use  of  the  sol-gel  process,  the  mono- 
phasic xerogel  was  synthesized  from  te- 
traethyl  orthosilicate,  and  the  diphasic 
xerogel  was  synthesized  from  a  colloidal 
suspension  of  silica  and  boehmite  [AIO 
(OH)].  The  xerogels  were  subjected  to  vari- 
ous thermal  treatments.  The  chemical  and 
structural  changes  that  occurred  during 
these  treatments  were  characterized  by 
subjecting  specimens  before  and  after  to 
differential  thermal  analysis,  thermograv- 


imetric  analysis,  x-ray  diffraction,  scanning 
electron  microscopy,  and  infrared  spec- 
troscopy. Preliminary  experiments  on  sin- 
tering behavior  were  also  performed. 

The  combined  results  of  these  experi- 
ments show  a  sequence  for  the  formation 
of  mullite  from  the  two  types  of  xerogel. 
The  monophasic  gel  crystallizes  from  an 
amorphous  structure  to  a  silicon-substi- 
tuted alumina  spinel  at  about  980  °C.  The 
spinel  phase  is  metastable  and  becomes 
mullite  when  held  isothermally  near  the 
crystallization  temperature.  The  mono- 
phasic gel  yields  a  well-crystallized  mullite 
with  some  residual  amorphous  phase,  the 
amount  of  which  is  reduced  by  further  re- 
action at  higher  temperature.  The  mullite 
formed  initially  is  deficient  in  alumina.  The 
composition  shifts  towards  stoichiometry 
at  higher  temperatures. 

The  diphasic  material  follows  a  different 
sequence.  This  xerogel  is  intially  com- 
posed of  boehmite  and  a  distinct  amor- 
phous silica  phase.  The  boehmite  decom- 
poses to  a  cubic  alumina  spinel  structure 
at  490  °C.  There  is  little  or  no  reaction  be- 
tween the  spinel  and  amorphous  phases. 
Mullite  is  formed  by  solid-state  reaction  be- 


tween o-AljOgand  cristobalite,  which  form 
from  the  spinel  and  amorphous  phases,  re- 
spectively, at  1,360  °C.  The  mullite  is  not 
well-crystallized  initially,  and  residual  phases 
remain  even  after  heating  at  1,600  °C  for  6 
h.  Initially,  the  mullite  is  also  deficient  in 
alumina,  but  the  composition  shifts 
towards  stoichiometry  at  higher  tempera- 
tures. The  diphasic  powder  can  be  sintered 
to  high  densities,  whereas  the  monophasic 
powder  is  much  more  difficult  to  density  in 
spite  of  its  molecular-level  homogeneity. 

This  work  was  done  by  Mark  J.  Hyatt  of 
Lewis  Research  Center  and  Narottam  P. 
BansalofCase  Western  Reserve  Universi- 
ty. Further  information  may  be  found  in 
NASA  TM-101349  [N89-11038],  "Phase 
Transformations  in  Xerogels  of  Mullite 
Composition." 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)487-4650. 
Rush  orders  maybe  placed  for  an  extra  fee 
by  calling  (800)  33&4700. 
LEW-14898 
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Leading-Edge  "Pop-Up"  Spoiler  for  Airfoil 

This  device  can  be  retrofitted  to  an  existing  airfoil  without  major  rework. 


Spoilers  are  devices  designed  to  spoil 
the  airflows  around  lifting  airfoils.  A  tradi- 
tional spoiler,  which  is  built  into  a  wing 
structure,  is  located  well  aft  of  the  leading 
edge  and  deflects  with  its  trailing  edge  in 
the  airflow  and  its  leading  edge  attached  to 
the  wing  surface.  The  airflow  works  against 
the  deployment  of  such  a  spoiler.  A  new 
concept  places  the  spoiler  in  the  leading 
edge  of  the  airfoil,  hinged  along  its  trailing 
edge,  so  that  the  airflow  helps  to  deploy  it 
and  force  it  against  a  mechanical  stop. 

The  stabilator,  or  variable-incidence 
horizontal  tail  component  of  a  helicopter, 
can  inadvertently  sustain  a  lift  force  be- 
yond the  pilot's  capability  to  counteract 
when  the  helicopter  is  operated  in  forward 
flight.  In  this  situation,  the  lift  must  be  quick- 
ly eliminated.  The  actuation  of  the  "pop- 
up" spoiler  at  or  very  near  the  upper 
leading  edge  (less  than  6  percent  chord)  of 
the  stabilator  enables  the  pilot  to  regain 
control  of  the  helicopter.  The  deployed 
"pop-up"  spoiler  very  quickly  eliminates 
almost  all  the  aerodynamic  lift  of  the  stabi- 
lator. This  spoiler  is  designed  to  be  added  to 
the  leading  edge  of  the  existing  stabilator, 
without  major  rework. 

As  shown  in  the  figure,  the  spoiler  locked 
in  the  retracted  position  fairs  into  the  airfoil 
with  minimum  alteration  of  the  contour. 
Wire-wound  springs  at  several  locations 
across  the  span  of  the  stabilator  effect  only 
modest  local  disruption  of  the  airflow  over 
the  surface.  In  an  emergency,  when  the  lift 
generated  by  the  stabilator  exceeds  a  limit, 
the  pilot  would  move  the  actuation  strip  (via 
a  control  cable  for  example)  so  that  the 
spoiler  "pops  up"  by  rotating  about  its 
hinge  assembly.  The  wire-wound  spring 
provides  the  force  to  initiate  the  deploy- 


Spoller 
"(Deflected  Position) 


Fairing 


Airflow  Helps  To 
Deploy  the  Spoiler, 

which  is  located  in 
the  leading  edge  of 
the  airfoil. 

ment  of  the  spoiler,  but  the  pressure  of  the 
airflow  completes  the  deployment,  and  the 
spoiler  comes  to  rest  against  a  mechanical 
stop. 

Though  the  initial  application  of  this 
device  is  considered  to  be  on  helicopter 
stabilators,  it  is  equally  applicable  to  wings 
or  winglike  components,  inasmuch  as  the 
stabilator  is  essentially  a  variable-inci- 
dence wing.  The  placement  of  the  spoiler 
so  close  to  the  leading  edge  results  in 
almost  complete  negation  of  aerodynamic 
lift  force  upon  deployment.  The  "pop-up" 
spoiler  retains  its  effectiveness  up  to 
angles  of  attack  of  approximately  30°, 
whereas  traditional  spoilers  are  effective  to 
less  than  15° 

This  work  was  done  by  John  C  Wilson  of 
USAARTA-AVSCOM,  Langley  Research 


Center  and  Michael  B.  Lance  of  PRC  Ken- 
tron,  Inc.  For  further  information,  Circle  5 
on  the  TSP  Request  Card. 

This  invention  is  owned  by  NASA,  and  a 
patent  application  has  been  filed.  Inquiries 
concerning  nonexclusive  or  exclusive 
license  for  its  commercial  development 
should  be  addressed  to  the  Patent 
Counsel,  Langley  Research  Center  [see 
page  16].  Refer  to  LAR-13781/TN 

Langley  Research  Ctr. 

Technology  Utilization 
Officer  John  Samos 
Mail  Stop  139A 
Hampton,  VA  23665 
Patent  Counsel 
George  F.  Helfrich 
Mail  Code  279 
Hampton,  VA  23665 
(804)  864-3523 
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Planning  the  Route  of  a  Robotic  Land  Vehicle 

The  distance  traveled  is  minimized  to  the  extent  possible  consistent  with  avoidance  of  obstacles. 


An  algorithm  enables  an  experimental 
robotic  land  vehicle  to  follow  automatically 
a  route  that  is  computed  on  the  basis  of 
terrain-height-map  data  (see  figure).  A  com- 
puter executing  the  algorithm  merges 
coarser  global  topographical  data  with 
finer  local  topographical  data  that  it  obtains 
through  a  stereoscopic  video  system  as 
the  vehicle  moves  along,  then  smoothes 
the  merged  elevation  map,  interpolates  the 
map  to  evenly-horizontally-spaced  grid 
points,  and  differentiates  the  map  to  pro- 
duce data  on  slopes  and  roughness  for 
use  in  calculations  of  traversability  and  the 
optimum  route(s). 

In  processing  the  merged  terrain-height 
data,  the  algorithm  takes  a  probabilistic  ap- 
proach in  which  the  statistical  weight  of 
each  datum  increases  with  the  accuracy 
with  which  it  is  known  and  its  nearness 
to  the  interpolated  output  point.  Then  the 
interpolation,  smoothing,  and  calculation 
of  slopes  involve  a  weighted-least-squares 
fit  of  planes  to  small  areas  around  the  out- 
put points,  using  the  residuals  of  the  fit  to 
estimate  roughnesses. 

The  next  task  is  to  compute  a  cost  func- 
tion that  takes  account  of  both  the  dis- 
tance traveled  and  the  probability  that 
each  region  to  be  crossed  is  traversable. 
In  general,  this  function  could  take  into  ac- 
count such  factors  as  the  energy  expend- 
ed in  going  uphill,  the  need  to  move  more 
slowly  over  rough  ground,  and  the  effects 
of  going  in  different  directions.  It  could 
even  include  a  negative  cost  to  account 
for  the  desirability  of  gaining  a  closer  look 
at  a  terrain  feature  of  interest.  However, 
in  the  experimental  version,  the  cost  func- 
tion is  computed  from  only  two  compo- 
nents: the  distance  traveled  and  the  prob- 
ability that  the  slope  or  roughness  may  be 
too  large  to  allow  the  vehicle  to  pass  safely. 

If  the  video  system,  inclinometers,  or 
mechanical  feelers  detect  an  excessive 
slope  or  other  previously  unidentified  ob- 
stacle after  the  vehicle  travels  part  of  a  ten- 
tatively planned  route,  the  vehicle  can  back- 


track. Therefore,  the  cost  function  accounts 
for  the  probability  and  cost  of  backtracking. 

The  main  route-planning  computation  is 
iterative.  It  involves  the  use  of  one  array 
of  data  that  represent  a  forward  growth 
from  the  starting  position  and  another  ar- 
ray of  data  that  represent  backward  growth 
from  the  goal  position,  to  integrate  the  cost 
of  going  from  the  starting  point  to  each 
point  in  the  grid  and  the  cost  of  going  from 
each  point  in  the  grid  to  the  goal  point.  At 
each  iteration,  each  point  in  the  forward 
or  backward  array  is  replaced  by  the  mini- 
mum of  its  previous  value  and  the  eight 
values  obtained  by  adding,  to  the  previous 
values  of  its  eight  nearest  neighbors,  the 
cost  of  moving  from  each  such  neighbor 
to  the  point  (in  the  forward  array)  or  from 
the  point  to  each  such  neighbor  (in  the 
backward  array). 

At  the  end  of  the  iterations,  each  point 


in  the  forward  array  contains  the  total  cost 
of  moving  from  the  starting  point  to  this 
point  by  the  cheapest  route,  and  each 
point  in  the  backward  array  contains  the 
cost  of  moving  from  this  point  to  the  goal 
by  the  cheapest  route.  The  sum  of  the  two 
arrays  is  an  array  in  which  each  point  con- 
tains the  total  cost  of  moving  from  the  start 
to  the  goal  through  this  point.  The  optimum 
path  is  the  one  along  which  the  values  at 
the  points  in  the  same  array  have  the  mini- 
mum value.  This  value  equals  the  value 
in  the  forward  array  at  the  goal  point  and 
the  value  in  the  backward  array  at  the  start- 
ing point. 

This  work  was  done  by  Donald  B.  Gen- 
nery  of  Caltech  for  NASA's  Jet  Propul- 
sion Laboratory. 
NPO-17857/TN 


An  Experimental  Robotic  Vehicle  (a  developmental  model  of  the  proposed  Mars  rover) 
avoids  obstacles  as  it  plans  and  follows  the  shortest  route  to  a  goal  position. 
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Computing  the  Dynamics  of  Helicopters 

CAMRAD  calculates  the  loads  on,  and  the 
motions  of,  various  rotorcraft. 

The  Comprehensive  Analytical  Model  of  Rotorcraft  Aero- 
dynamics (CAMRAD)  computer  program  is  designed  to  cal- 
culate the  performance  of,  loads  on,  and  no.se  generated  by, 
a  he^opter  rotor;  the  vibration  of  the  helicopter  and  .ts  re- 
sponse to  gusts;  the  dynamics  and  handling  quaht.es  of  the 

EpterL 

ter  as  a  system.  The  analysis  is  a  consistent  combination  of 
structural  inertia.,  and  aerodynamical  mathematical  mode* 
applicable  to  a  wide  range  of  problems  and  a  w.de  class  of  ve- 

h,CThe  CAMRAD  analysis  can  be  applied  to  articulated  hin- 
oeless  gimbaled,  and  teetering  rotors  that  have  arbitrary 
numbers  ol  blades.  The  degrees  of  freedom  of  a  roto, -blade 
included  in  CAMRAD  are  blade/flap  bend.ng,  rigid  pitch  and 
elastic  torsion,  and,  optionally,  gimba.  or  teeter  matea  Genera, 
two-rotor  aircraft  can  be  modeled.  S.ngle-ma.n-rotor,  tan- 
dem-helicopter, and  side-by-side-tilting-prop-rotor  aircraft 
configurations  can  be  considered.  The  case  of  a  rotor  or 
heSpter  in  a  wind  tunnel  can  also  be  modeled.  The  degrees 
of  freedom  of  aircraft  bodies  included  in  CAMRAD .are ,  the  six 
rigid-body  motions,  elastic  airframe  mot.ons,  and  the  rotor/ 
enaine  speed  perturbations. 

CAMRAD  calculates  the  loads  on,  and  mot.ons  of,  a  heh- 
copter  or  airframe  in  two  stages.  First,  the  tr.m  solution  .s  ob- 
tained; then  the  flutter,  dynamics  of  flight,  and/or  transient 
behavior  can  be  calculated.  The  trim  operating  cond.t.ons 
considered  include  level  flight,  steady  climb  or  descent,  and 
steady  turns.  The  analysis  of  the  rotor  includes  nonhnear 
inertia!  and  aerodynamic  models,  applicable  to  large  blade 
angles  and  a  high  inflow  ratio.  The  mathematical  model  of  the 
aerodynamics  of  the  rotor  is  based  on  two-d.mens.onal, 


steady-flow  airfoil  characteristics  with  corrections  for  the 
effects  of  three-dimensional  and  unsteady  flow,  including  a 
model  of  dynamic  stall. 

In  the  analysis  of  flutter,  the  matrices  that  describe  the 
linear  differential  equations  of  motion  are  constructed  and 
the  equations  are  analyzed.  In  the  analysis  of  the  dynamics  of 
flight  the  stability  derivatives  are  calculated  and  the  matrices 
that  describe  the  linear  differential  equations  of  motion  are 
constructed.  These  equations  are  analyzed.  In  the  analysis  of 
transients,  equations  of  motion  of  the  rigid  body  are  nume  - 
callv  integrated  for  prescribed  transient  gust  or  control  input. 
The  CAMRAD  program  product  is  available  by  license  for 
a  period  of  10  years  to  domestic  U.S.  licensees.  The  licensed 
program  product  includes  the  CAMRAD  source  code  com- 
mand procedures,  sample  applications,  and  one  set  of  sup- 
porting documentation.  Copies  of  the  documentation  may  be 
purchased  separately.  CAMRAD  is  written  in  FORTRAN  77 
for  the  DEC  VAX  computer  under  VMS  4.6  with  a  recom- 
mended core  memory  of  4.04  megabytes.  The  DISSPLA 
package  is  necessary  for  graphical  output.  CAMRAD  was 
developed  in  1980.  - 

This  program  was  written  cy  Wayne  ^hns°n%  Ames 
Research  Center. 

FOR  ADDITIONAL  INFORMATION 

CONTACT 

COSMIC9 

112  Barrow  Hall 
University  of  Georgia 
Athens,  GA  30602 

(404)  542-3265 


525 


U.S.  DEPARTMENT  OF  COMMERCE 
National  Technical  Information  Service 

Springfield,  VA  221 61 


ORDER  FORM 


Use  this  form  ONLY  to  order  reports  designated  as  available  from  NTIS. 


TELEPHONE  ORDERS  (703)  487-4650 


FAX  (703)321-8547       TELEX  89-9405 


For  Subscription 
Questions 
(703)  487-4630 

For  Tracing  an  Order 
(703)  487-4660 

For  Editorial  Questions 
(703)  487-4805 

Postage: 

NTIS  uses  First  Class  Delivery,  or 
equivalent  service,  on  all  shipping. 
For  information  about  one  day  RUSH 
ordering,  call  (800)  553-6847  or 
(703)  487-4650. 


NTIS  PRICE  SCHEDULE* 

This  schedule  converts  into  actual 
prices  the  price  codes  cited  in  those 
Tech  Notes  having  a  report  available 
from  NTIS. 

Price 

Code  Price 

A01  $8.00 

A02 11.00 

A03 15.00 

A04  through  A05 1 7.00 

A06  through  A09 23.00 

A10  through  A1 3 31.00 

A14through  A17 39.00 

A18  through  A21  45.00 

A22  through  A25 53.00 

A99  Contact  NTIS 

for  price 

These  prices  are  for  customers  in 
United  States,  Canada,  and  Mexico. 
Other  addresses  should  write  for  the 
price  listing,  number  PR-360-4. 

Prices  effective  January  1 ,  1 991 


f  Purchase  Order  Service:  There  is  a  $7.50 
Iharge  for  this  service.  It  is  restricted  to 
.ustomers  in  the  United  States,  Canada, 
and  Mexico.  A  late  payment  charge  will  be 
applied  to  all  billings  more  than  30  days 
overdue. 


If  your  address  lable  on  this  Tech  Notes  is  NOT  correct,  call  the  NTIS 
Subscriptions  Department  on  (703)  487-4630. 

1    ADDRESS  INFORMATION 

Last  Name  

Title 

Company/Organization 

Address  


City/State/ZIP 

Telephone  Number . 


2    METHOD  OF  PAYMENT 

I    |    Charge  my  NTIS  Deposit  Account    ~ 

I    I    Check/Money  order  enclosed  payable  to  NTIS  for  $ 

I    I    Purchase  order  ADD  $7.50  per  order  (see  below  for  restrictions)1 
Purchase  order  number 


Charge  my     O  American  Express      O  VISA      Q  MasterCard 

Account  Number Exp. 

Signature 


(Required  to  validate  order) 


3    ORDER  SELECTION  (Use  only  for  reports  stated  as  available  from  NTIS) 
NTIS  Order  Number  Price'  Quantity  Total  Price 

/NAC 


(NAP. 

/NAC 


/NAC 


/NAC 


Handling  fee  $3.00 


Total 


♦ 


P£NN  STATE  UNIVERSITY  LIBRARIES 


Agriculture  &  Food 

Computers 

Electrotechnology 

Energy 

Engineering 

Environmental  Science  & 
Technology 

Manufacturing,  Machinery,  & 
Tools 


ADuQ072o;lq33L} 


o  i-     ' 

3o> 


(d  m 

a 
</* 

CO 

o 
o 


ff>   CD  3(j 

a>  Z 


^2 
o  ^> 

lo 


3  m 

(0  3) 

2>  O 
<  m 


• 


Materials 


Medicine  &  Biology 

Natural  Resources  Tech- 
nology &  Engineering 

Physical  Sciences 

Transportation  &  Components 


m 
D 

c 
> 

i- 

o 

■o 

"O 

O 

3J 


m 


O 

-< 
m 


Route  To: 


"0 

O 

"0 

CO 

CD 

H 

3 

>G0 

oc 

z 

zmr 

o 

m> 

9 

ro 

corn 

CD 

IO 

~o 

> 

o 

' 


